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Introduction 
Or how to find the information you need 


The European CMOS Data Manuals Volumes 1, 2 and 3 contain all the relevant data re- 
quired to design and use Motorola CMOS Functions. The first two volumes replace the 
European CMOS Selection Data Book which was published in 1979. 


Vo,lume 1 contains data on Standard Logic which is defined as the following 
functions: 


NAND I NOR I AND I OR I Complex Gates 
Inverters I Buffers I Level Translators 
Schmitt Triggers 
Flip Flops I Latches 
Shift Registers 
Counters 
Adders I Comparators 
Parity Generators I Checkers 
ALU's I Rate Multipliers 
Encoders I Decoders 
Multiplexers I Demultiplexers I Bilateral Switches 
Multivibrators 
I Oscillators I Timers 


Volume 2 contains data on Special Functions which are defined as the following 
func- 
tions: 


PLL Frequency Synthesizers 
Display Decoders I Drivers 
AID, D/A Converters I Logic Functions 
Operational Amplifiers I Comparators 
Remote Control Functions 
Radio I TV Functions 
Miscellaneous Functions 


Volume 3 contains data on High Speed CMOS. 


Telecommunications 
functions 
are listed in the Selection Guide but data is to be found 
in the Telecommunications 
Data Manual. 


Microprocessors 
and peripherals are listed in the Selection Guide, but data is to be 
found in the Microprocessors 
Data Manuals (8 and 16-Bitl. 


Memories are also listed in the Selection Guide. Volume 2, Special Functions, contains 
data on the smaller memories. The data for larger memories is to be found 
in the 
Memory Data Manual. See the selector guides for details. 


Ordering Information (page 1-2) - 
defines the numbering system and suffixes and 
gives details of processing options. 


Selection Guide by Part Number (page 1-6) - 
contains a human alphanumeric 
listing of all functions with details of suffixes and pins, and where to find detailed 
technical 
data. 
This section 
can also be used as a cross 
reference to find 
equivalents for other suppliers' functions. 
Selection Guide by Function (page 1-13) - 
lists all devices which are capable of 
performing broadly defined functions, 
and where to find detailed technical data. 


Counter 
Selector 
Table 
(page 
1-18) 
- 
gives 
comparative 
data 
for 
key 
characteristics 
of counters. 


HSCMOS Selector Guide (page 1-19) - 
gives key family characteristics and order- 
ing information. 
Lists devices by function and shows equivalent LSTTL and CMOS 
functions. 


Gate Arrays (page 1-26) - 
a brief outline of the MOS Gate Arrays and the design 
system. 


EIA/JEDEC and Motorola formats for CMOS Industry S and US series specifica- 
tions. 


Technical data for all special functions. 
Where parts are still at the design and 
development stage, then the data consists of either Product Previews or Advance 
Information. 


The static and latch-up problems associated with MOS are now well understood. 
This section lists the precautions to be taken during shipment, assembly and test to 
avoid these problems. It is recommended that this section be read thoroughly. 


This section 
describes the key elements 
of Motorola's 
reliability 
and quality 
assurance activities, and gives the results of the 1982 tests. 


Lists the publications available from Motorola Semiconductors. 
On the back cover, there is a list of Motorola Sales Offices and Distributors. 


Ordering Information 


MC14001 BAL 
L::....--d enotes 
Operating Voltage Range 


Operating Temperature Range 


Package Material 


AL 
3 to 18 V, - 55 to + 125°C, 
Ceramic Package 
CL 
3 to 18 V, -40 
to + 85°C, 
Ceramic Package 
CP 
3 to 18 V, -40 
to + 85°C, 
Plastic Package 
L 
Limited Voltage Range, Limited Temperature Range, Ceramic Package 
P 
Limited Voltage Range, Limited Temperature Range, Plastic Package 
EFL 
3 to 18 V, - 55 to + 125°C, 
Ceramic Package 
FL 
3 to 18 V, -40 
to + 85°C, 
Ceramic Package 
FP 
3 to 18 V, -40 
to + 85°C, 
Plastic Package 
EVL 3 to 6 V, -55 
to + 125°C, 
Ceramic Package 
VL 
3 to 6 V, -40 
to + 85°C, 
Ceramic Package 
VP 
3 to 6 V, -40 
to + 85°C, 
Plastic Package 
Z 
Limited Voltage Range, Limited Temperature Range, Leadless Chip Carrier 


Motorola CMOS integrated circuits are manufactured under strict quality control. In- 
process screens and tight out-going inspection result in a high order of quality and 
reliability. 
In addition, Burn-in is an option available on all CMOS packaged products. The 
benefits of this option are: 


reduced infant mortality (typically 0.2% of the product is screened out); 
reduced board and system rework; 
reduced equipment downtime; 
reduced field failures. 


Electrical 
Test 


Outgoing 
quality 
control 
sample 
electrical 
test 


VDD 
Temperature 
Time 
Bias 


II 


Electrical 
Test 


Electrical 
Test. D.C. 
Parameters 
at 25°C 


Outgoing quality 
control sample 
electrical test 


15 V 
125°C 
ambient 
168 hours 
Dynamic for Memories and Analog Circuits, Static for 
all others 


Ordering Information: 


The Burn-in option is selected by adding the suffix 0 to the part number, for example: 


MC1400 1BALD 


Chips and wafers are available for all CMOS types. For further information, consult your 
Motorola Sales Office or authorized Motorola Distributor. 


The HI-RELOperation in East Kilbride supplies components which have been qualified 
and/or 
processed 
to 
European standards 
or 
military 
specifications. 
The factory 
approvals are: Def. Stan. 05-21, 
BS9000, 
CECCo 


The Def. 
Stan. 
05-21 
approval, 
which 
is equivalent 
to 
N.A.T.O. 
AQAP 
1, is 
monitored by the British Ministry of Defence. 
The BS9000 and CECC approvals are monitored by the NSI (National Supervisory In- 
spectorate) . 
Additionally, 
parts can be processed in accordance with MIL-STD-883B, 
per JEDEC 
Publication 101. 
For comparative purposes, table 1 gives the MIL-HDBK-21 7D quality levels and quali- 


ty factors ( 1T 2) for the various HI-REL programs. 
Table 2 gives a cross-reference of test methods for various specifications. 
For specific details of availability, 
see the latest edition of the "European Semicon- 
ductor 
Hi-Reliability 
Programs" 
brochure, 
or contact 
your Motorola 
Sales Office or 
authorized Motorola distributor. 


MIL-HDBK-217D 
Program 
Description 
Level 
Factor 


BS9000/CECC90000 
Full Qualification, 
B 
1.0 
Level B 
Full Processing 


BS9000/CECC90000 
Interim Qualification, 
B-O 
2.0 
Level B 
Full Processing 


BS9000/CECC90000 
No Qualification, 
B-2 
6.5 
Level B 
Full Processing 


MIL-STD-883B 
No Qualification, 
B-2 
6.5 
Level B 
JEDEC 101 Processing 


BS9000/CECC90000 
Full Qualification 
C 
8.0 
Level C 
Full Processing 


BS9000/CECC90000 
No Qualification 
C1 
13.0 
Level C 
Full Processing 


MIL-3TD-883B 
No Qualification 
C1 
13.0 
Level C 
Full Processing 


Commercial 
168 Hour Burn-in at 15 V, 
D 
17.5 
Ceramic 
1250 
C, with 1000 
C 
Electrical Test 
Ir 


CECC 
Method 
MIL 
Test 
90000 
IEC68 
859400 
852011 
5TD883 


Precap Visual 
- 
2010A 
or B 


Low Temperature 
Storage 
4.6.1.2 
2-1 
1.2.10A 
or B 
Aa 


High Temperature 
Storage 
4.6.1.1 
2-2 
As BS2011 
Ba 
1008 


Rapid Change 
in Temp. (air) 
4.6.8.1 
2-14-Na 
1.2.6.13 
Na 
1010c 


Rapid Change 
in Temp. (liquid) 
4.6.8.3 
2-14-Nc 
As BS2011 
Nc 
1011a 


Humidity (Cycled) 
4.6.3.1 
2-4 
As BS2011 
Da 
- 


Humidity (Cycled) 
4.6.3.2 
2-30 
- 
Db 
- 


Humidity (Cycled) 
- 
- 
1004 
. 


Humidity (Constant) 
4.6.2 
Cond.1 
2-3 
As BS2011 
Ca 


Acceleration 
4.6.7 
2-7 
As BS2011 
Ca 
2001 


Hermeticity 
(fine) 
4.6.9.1 
2-170K 
As BS2011 
Ok 
1014A 
. 


Hermeticity 
(gross) 
4.6.9.2 
1.2.6.14.3 
Oc 
1014C 


Solderability 
4.6.10 
2-20 
As BS2011 
Ta 
2003 


Termination 
4.6.12.2 
2-21 
As BS2011 
Ub 
2004 


Robustness (OIL) 
or 1.2.6.16.3 


Mechanical Shock 
4.6.4 
2.27 
As BS2011 
Ea 
2002 


Vibration (Swept 
frequency) 
4.6.5 
2-6 
As BS2011 
Fc/B4 
2007 


Salt Mist 
4.6.14 
2-11 
- 
Ka 
- 


Salt Mist 
- 
- 
- 
- 
1009 
I 


Operating Life Test 
4.8 
- 
1.2.7.2 
- 
1005 
- 


Electrical Burn-In 
D.S. 
- 
1.2.9.2 
- 
1015 


II 
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Selection Guide by Part Number 


Device 
Function 
Suffix 
Pins 
Page 


MC54HCXXX 
High Speed CMOS Series .............................. 
J 
0 


MC68HC04P2 
8-Bit Single Chip Microcomputer 
.................... 
L,P,Z 
28 
x 


MC68HC04P3 
8-Bit CMOS Microcomputer 
EPROM ............... 
L,P,Z 
28 
x 


MC68HC05C4 
8-Bit Single Chip Microcomputer 
.................... 
L,P,Z 
40 
x 


MC68HC09E 
8-Bit Microprocessor 
................................... 
L,P,Z 
40 
x 


MC74HCXXX 
High Speed CMOS Series .............................. 
J,N 
0 


MC6172 
2400 
Baud DPSK Modulator 
......................... 
L,P 
24 
• 
MC6173 
2400 
Baud DPSK Demodulator 
..................... 
L,P 
24 
• 
MC6220 
4-Bit 
Microcomputer 
with 
PLL Frequency 
Synthesizer 
(NMOS Device) .......................... 
P 
28 
§ 
MC6860 
Low Speed Modem ...................................... 
L,P 
24 
• 
MC6862 
Part Number changed to MC61 72 .................. 


MC14000UB 
Dual 3-lnput 
NOR Gate Plus Inverter ............... 
AL,CL,CP 
14 
3-2 
MC14001 
B 
Quad 2-lnput 
NOR Gate ............................... 
AL,CL,CP 
14 
3-5 
MC14001UB 
Quad 2-lnput 
NOR Gate ............................... 
AL,CL,CP 
14 
3-14 
MC14002B 
Dual4-lnput 
NOR Gate ................................. 
AL,CL,CP 
14 
3-5 
MC14002UB 
Dual4-lnput 
NOR Gate ................................. 
AL,CL,CP 
14 
3-14 
MC14006B 
18-Bit Static Shift Register ........................... 
AL,CL,CP 
14 
3-20 
MC14007UB 
Dual Complimentary 
Pair Plus Inverter ............. 
AL,CL,CP 
14 
3-24 
MC14008B 
4-Bit Full Adder. .......................................... 
AL,CL,CP 
16 
3-28 


4009 
See MC14049UB 
- Pin for Pin Equivalent 
4010 
See MC 14050B 
- Pin for Pin Equivalent 


MC14011B 
Quad 2-lnput 
NAND Gate ............................. 
AL,CL,CP 
14 
3-5 
MC14011 
UB 
Quad 2-lnput 
NAND Gate ............................. 
AL,CL,CP 
14 
3-14 
MC14012B 
Dual4-lnput 
NAND Gate .............................. 
AL,CL,CP 
14 
3-5 
MC14012UB 
Dual4-lnput 
NAND Gate .............................. 
AL,CL,CP 
14 
3-14 
MC14013B 
Dual D Flip-Flop ........................................... 
AL,CL,CP 
14 
3-36 
MC14014B 
8-Bit Static Shift Register ............................. 
AL,CL,CP 
16 
3-40 
MC14015B 
Dual 4-Bit Static Shift Register 
...................... 
AL,CL,CP 
16 
3-44 
MC14016B 
Quad Analog Switch/Multiplexer 
.................... 
AL,CL,CP 
14 
3-50 
MC14017B 
Decade Counter/Divider 
............................... 
AL,CL,CP 
16 
3-56 
MC14018B 
Presettable 
Divide-By-N 
Counter .................... 
AL,CL,CP 
16 
3-61 


4019B 
See MC14519B 
- Normally 
Pin for Pin 
Equivalent 
MC14020B 
14-Bit Binary Counter .................................. 
AL,CL,CP 
16 
3-65 
MC14021 
B 
8-Bit Static Shift Register ............................. 
AL,CL,CP 
16 
3-40 
MC14022B 
Octal Counter/Divider 
.................................. 
AL,CL,CP 
16 
3-70 


x 
See the B-Bit Microprocessors 
Data Manual. 


§ 
See Data Sheet. 
o See the CMOS Data Manual. 
Volume 
3. High Speed CMOS . 


• 
See the Telecommunications 
Data Manual. 
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Device 
Function 
Suffix 
Pins 
Page II 
MC14023B 
Triple 3-lnput NAND Gate ............................. 
AL,CL,CP 
14 
3-5 
MC14023UB 
Triple 3-lnput NAND Gate ............................. 
AL,CL,CP 
14 
3-14 
MC14024B 
7-Stage Ripple Counter ................................ 
AL,CL,CP 
14 
3-76 
MC14025B 
Triple 3-lnput NOR Gate ............................... 
AL,CL,CP 
14 
3-5 
MC14025UB 
Triple 3-lnput NOR Gate ............................... 
AL,CL,CP 
14 
3-14 
MC14027B 
Dual J-K Flip-Flop ........................................ 
AL,CL,CP 
16 
3-82 
MC14028B 
BCD-to-Decimal/Binary-to-Octal 
Decoder ........ 
AL,CL,CP 
16 
3-86 
MC14029B 
Binary/Decade Up/Down Counter ................... 
AL,CL,CP 
16 
3-91 


4030B 
See MC14070B 
- Pin for Pin Equivalent 
4031B 
See MC14557B 
- Functionally 
Equivalent 


MC14032B 
Triple Serial Adder (Positive Logic) .................. 
AL,CL,CP 
16 
3-97 
MC14034B 
8-Bit Universal Bus Register .......................... 
AL,CL,CP 
24 
3-102 
MC14035B 
4-Bit Shift Register ...................................... 
AL,CL,CP 
16 
3-109 
MC14038B 
Triple Serial Adder (Negative Logic) ................ 
AL,CL,CP 
16 
3-97 
MC14040B 
12-Bit Binary Counter .................................. 
AL,CL,CP 
16 
3-114 
MC14042B 
Quad Transparent Latch ............................... 
AL,CL,CP 
16 
3-118 
MC14043B 
Quad NOR R-S Latch .................................... 
AL,CL,CP 
16 
3-122 
MC14044B 
Quad NAN D R-S Latch ................................. 
AL,CL,CP 
16 
3-122 
MC14046B 
Phase-Locked Loop ..................................... 
AL,CL,CP 
16 
3-126 


4047B 
See MC14528B 
- Functionally 
Equivalent 


MC14049UB 
Hex Inverter/Buffer ...................................... 
AL,CL,CP 
16 
3-131 
MC14050B 
Hex Buffer ................................................. 
AL,CL,CP 
16 
3-131 
MC14051B 
8-Channel Analog Multiplexer/Demultiplexer 
.... 
AL,CL,CP 
16 
3-135 
MC14052B 
Dual 4-Channel Analog Multiplexer/ 
Demultiplexer ............................................. 
AL,CL,CP 
16 
3-135 
MC14053B 
Triple 2-Channel Analog Multiplexer/ 
Demultiplexer ............................................. 
AL,CL,CP 
16 
3-135 


4055B 
See MC14543B 
- Functionally 
Equivalent 
4056B 
See MC 14543B 
- Normally Pin for Pin 
Equivalent 
4057B 
See MC14581 
B - Functionally Equivalent 


MC14060B 
14-Bit Binary Counter and Oscillator ............... 
AL,CL,CP 
14 
3-141 


4061 
See MCM 14537 
- Functionally 
Equivalent 
4063 
See MC14585B 
- Functionally 
Equivalent 


MC14066B 
Quad Analog Switch/Multiplexer 
.................... 
AL,CL,CP 
14 
3-145 
MC14067B 
16-Channel Analog Multiplexer/Demultiplexer 
.. 
AL,CL,CP 
24 
3-150 
MC14068B 
8-lnput NAND Gate ..................................... 
AL,CL,CP 
14 
3-5 
MC14069UB 
Hex Inverter ............................................... 
AL,CL,CP 
14 
3-157 
MC14070B 
Quad Exclusive OR Gate ............................... 
AL,CL,CP 
14 
3-159 
MC14071 
B 
Quad 2-lnput OR Gate .................................. 
AL,CL,CP 
14 
3-5 
MC14072B 
Dual4-lnput 
OR Gate ................................... 
AL,CL,CP 
14 
3-5 
MC14073B 
Triple 3-lnput AND Gate ............................... 
AL,CL,CP 
14 
3-5 
MC14075B 
Triple 3-lnput OR Gate ................................. 
AL,CL,CP 
14 
3-5 
MC14076B 
Quad D-Type Register .................................. 
AL,CL,CP 
16 
3-165 
MC14077B 
Quad Exclusive NOR Gate ............................. 
AL,CL,CP 
14 
3-159 
MC14078B 
8-lnput NOR Gate ....................................... 
AL,CL,CP 
14 
3-5 
MC14081 
B 
Quad 2-lnput AND Gate ............................... 
AL,CL,CP 
14 
3-5 
MC14082B 
Dual4-lnput 
AND Gate ................................ 
AL,CL,CP 
14 
3-5 


4085B 
See MC14506B 
- Functionally 
Equivalent 
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Device 
Function 
Suffix 
Pins 
Page 


MC14093B 
Quad 2-lnput NAND Schmitt Trigger ............... 
AL,CL,CP 
14 
3-173 
MC14094B 
8-Bit Bus Compatible Shift/Store 
Latch ........... 
AL,CL,CP 
16 
3-177 


MC14097B 
Dual 8-Channel Analog Multiplexer/ 
Demultiplexer ............................................. 
AL,CL,CP 
24 
3-150 
4098B 
See MC14528B 
- Normally Pin for Pin 
Equivalent 
MC14099B 
8-Bit Addressable Latch ............................... 
AL,CL,CP 
16 
3-182 
MC14106B 
Hex Schmitt Trigger ..................................... 
AL,CL,CP 
14 
3-189 
MC14160B 
Synchronous Programmable Decade Counter ... 
AL,CL,CP 
16 
3-189 


MC14161B 
Synchronous 
Programmable 4-Bit Binary 
Counter ..................................................... 
AL,CL,CP 
16 
3-189 
MC14162B 
Synchronous Programmable Decade Counter ... 
AL,CL,CP 
16 
3-189 
MC14163B 
Synchronous 
Programmable 4-Bit Binary 
Counter ..................................................... 
AL,CL,CP 
16 
3-189 
MC14174B 
Hex D Flip-Flop ........................................... 
AL,CL,CP 
16 
3-197 


MC14175B 
Quad D Flip-Flop ......................................... 
AL,CL,CP 
16 
3-201 


MC14194B 
4-Bit Universal Shift Register ......................... 
~L,CL,CP 
16 
3-205 
MC14400 
PCM Monocircuit 
........................................ 
L 
16 
• 
MC14401 
PCM Monocircuit 
........................................ 
L 
18 
• 
MC14402 
PCM Monocircuit 
........................................ 
L 
22 
• 
Z 
28 


MC14403 
PCM Monocircuit 
........................................ 
L 
16 
• 
MC14405 
PCM Monocircuit 
........................................ 
L 
16 
• 
MC14408 
Binary-to-Phone Pulse Converter .................... 
L,P 
16 
• 
MC14409 
Binary-to-Phone Pulse Converter .................... 
L,P 
16 
• 
MC14410 
2-of-8 Tone Encoder .................................... 
L,P 
16 
• 
MC14411 
Bit-Rate Frequency Generator ........................ 
L,P 
24 
• 0 


MC14412 
Universal Low Speed Modem ........................ 
FL,FP,VL,VP 
16 
• 
MC14413 
PCM Sampled Data Filter, See Note A ............. 
L,P 
16 
• 
Z 
18 


MC14414 
PCM Sampled Data Filter, See Note A ............. 
L,P 
16 
• 
Z 
18 


MC14415 
Quad Precision Timer/Driver .......................... 
EFL,FL,FP 
16 
3-209 


EVL,VL, 
VP 
MC14416 
PCM Time Slot Assigner Circuit ..................... 
L,P 
16 
• 
MC14417 
PCM Time Slot Assigner Circuit ..................... 
L,P 
18 
• 
MC14418 
PCM Time Slot Assigner Circuit ..................... 
L,P 
22 
• 
MC14419 
2-of-8 Keypad-to-Binary 
Encoder ................... 
L,P 
16 
3-214 
MC14426 
8 x 14-Bit Static Tuning Memory ................... 
P 
16 
0 


MC14429 
Tuning Memory Control, See Note B ............... 
P 
18 
0 


MC14430 
Input Address Encoder ................................. 
P 
16 
3-218 
MC14433 
3-112 Digit A/D Converter .............................. 
L,P 
24 
0 


MC14442 
Microprocessor 
Compatible A/D Converter ...... 
L,P 
28 
0 


MC14443 
6-Channel A/D Converter Subsystem ............. 
L,P 
16 
0 


MC14444 
Microprocessor 
Compatible A/D Converter ...... 
L,P 
40 
0 


MC14447 
6-Channel A/D Converter Subsystem 
............. 
L,P 
16 
0 


Note A: 
Add Suffix 
1 or 2. Example MC14413l2. 
Note B: 
Add Suffix B. Example MC14429PB. 


4449UB 


MC14457 
MC14458 
MC14466 
MC14467 
MC14468 
MC14469 
MC14490 
MC14493 
MC14494 
MC14495 


MC14497 
MC14499 
MC14500B 
MC14501 
UB 
MC14502B 
MC14503B 
MC14504B 
MC14506UB 
MC14508B 
MC14510B 
MC14511B 
MC14512B 
MC14513B 


MC14516B 
MC14517B 
MC14518B 
MC14519B 
MC14520B 
MC14521B 
MC14522B 
MC14526B 
MC14527B 
MC14528B 
MC14529B 
MC14530B 
MC14531B 
MC14532B 
MC14534B 
MC14536B 
MC14538B 


See MC14049UB, 
Pin for Pin Equivalent 


Remote Control Transmitter 
. 
Remote Control Receiver 
. 
Low Cost Smoke Detector 
. 
Low Cost Smoke Detector 
. 
Interconnect 
Smoke Detector 
. 


Addressable Asynchronous ReceiverITransmitter 
Hex Contact Bounce Eliminator 
. 
Binary-to- 7-Segment Latch Decoder/Driver 
. 
Binary-to-7 -Segment Latch Decoder/Driver 
. 
Binary-to-7 -Segment 
Hexadecimal 
Latch/ 
Decoder/Driver, 
See Note C 
. 
PCM Remote Control Transmitter 
. 
4-Digit 
7-Segment LED Display Decoder/Driver 
Industrial Control Unit 
. 
Triple Gate 
. 
Strobed Hex Inverter/Buffer 
. 
Hex 3-State Buffer 
. 
Hex 
TTL 
or CMOS 
to 
CMOS 
Level 
Shifter 
Dual Expandable AOI Gate 
. 
Dual 4-Bit Latch 
. 
BCD Up/Down Counter 
. 
BCD-to- 7-Segment Latch/Decoder/Driver 
. 
8-Channel Data Selector 
. 
BCD-to-7 -Segment Latch/Decoder/Driver 
with Ripple Blanking 
. 
4-Bit Transparent 
Latch/4-to-1 
6 Line 
Decoder (High) 
. 


4-Bit Transparent 
Latch/4-to-1 
6 Line 
Decoder (Low) 
. 


Binary Up/Down Counter 
. 
Dual 64-Bit Static Shift Register 
. 
Dual BCD Up Counter 
. 
4-Bit And/Or Selector 
. 
Dual Binary Up Counter 
. 


24-Stage Frequency Divider 
. 
Programmable BCD Divide-by-N Counter 
. 
Programmable Binary Divide-by-N Counter 
. 
BCD Rate Multiplier 
. 
Dual Monostable Multivibrator 
. 
Dual 4-Channel Analog Data Selector 
. 


Dual 5-lnput Majority Logic Gate 
. 
12-Bit Parity Tree 
. 


8-Bit Priority Encoder 
. 
5-Decade Counter 
. 
Programmable Timer 
. 
Dual Precision Monostable Multivibrator 
. 


P 
P 
P 
P 
P 
L,P 
L,P 
L,P 
L,P 
L,P 
L1,P1 
P 
P 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 
AL,CL,CP 


II 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


3-222 
3-226 
3-230 
3-234 
3-237 
3-242 
3-247 


o 


3-253 


3-257 
3-263 
3-269 
3-273 
3-278 
3-273 
3-283 
3-289 
3-289 
3-296 
3-302 
3-307 
3-313 
3-318 
3-321 
3-327 
3-333 
3-340 


Device 
Function 
Suffix 
Pins 
Page 


MC14539B 
Dual 4-Channel Data Selector/Multiplexer 
........ 
AL,CL,CP 
16 
3-348 
MC14541B 
Programmable Oscillator-Timer ...................... 
AL,CL,CP 
14 
3-352 
MC14543B 
BCD-to-7 -Segment Latch/Decoder/Driver 
........ 
AL,CL,CP 
16 
0 


MC14544B 
BCD-to-7-Segment 
Latch/Decoder/Driver 
with Ripple Blanking .................................... 
AL,CL,CP 
18 
0 


MC14547B 
High Current BCD-to-7 -Segment 
Decoder/Driver ........................................... 
AL,CL,CP 
16 
0 


MC14548B 
Dual Monostable 
Multivibrator 
(Retriggerable/Resettablel 
............................ 
L,P 
16 
3-358 
MC14549B 
Successive Approximation 
Register ................ 
AL,CL,CP 
16 
0 


MC14551B 
Quad 2-Channel Analog Multiplexer/ 
Demultiplexer ............................................. 
AL,CL,CP 
16 
3-365 
MC14553B 
3-Digit BCD Counter .................................... 
AL,CL,CP 
16 
3-371 
MC14554B 
2 x 2-Bit Parallel Binary Multiplier ................... 
AL,CL,CP 
16 
3-377 
MC14555B 
Dual Binary to 1-of-4 Decoder ....................... 
AL,CL,CP 
16 
3-381 
MC14556B 
Dual Binary to 1-of-4 Decoder (Inverting) ......... 
AL,CL,CP 
16 
3-381 
MC14557B 
1-to-64 Bit Variable Length Shift Register. ....... 
AL,CL,CP 
16 
3-384 
MC14558B 
BCD-to- 7-Segment Decoder ......................... 
AL,CL,CP 
16 
0 


MC14559B 
Successive Approximation 
Register ................ 
AL,CL,CP 
16 
0 


MC14560B 
NBCD Adder .............................................. 
AL,CL,CP 
16 
3-388 
MC14561B 
9's Complementer ....................................... 
AL,CL,CP 
14 
3-392 
MC14562B 
128-Bit Static Shift Register ......................... 
AL,CL,CP 
14 
3-398 
MC14566B 
Industrial Time-Base Generator ...................... 
AL,CL,CP 
16 
3-402 
MC14568B 
Phase Comparator and Programmable 
Counters ................................................... 
AL,CL,CP 
16 
3-408 
MC14569B 
Dual Programmable BCD/Binary Counter ......... 
AL,CL,CP 
16 
3-418 


MC14572UB 
Hex Gate ................................................... 
AL,CL,CP 
16 
3-422 
MC14573 
Quad Programmable Op Amp ........................ 
CL,CP 
16 
0 


MC14574 
Quad Programmable Comparator ................... 
CL,CP 
16 
0 


MC14575 
Programmable Dual Op Amp/Dual 
Comparator 
CL,CP 
16 
0 


MC14580B 
4 x 4 Multiport 
Register ................................ 
AL,CL,CP 
24 
3-425 
MC14581B 
4-Bit Arithmetic 
Logic Unit ............................ 
AL,CL,CP 
24 
3-430 
MC14582B 
Look-Ahead Carry Block ............................... 
AL,CL,CP 
16 
3-435 
MC14583B 
Dual Schmitt Trigger .................................... 
AL,CL,CP 
16 
3-439 
MC14584B 
Hex Schmitt Trigger ..................................... 
AL,CL,CP 
14 
3-445 
MC14585B 
4-Bit Magnitude Comparator ......................... 
AL,CL,CP 
16 
3-448 
MC14597B 
8-Bit Bus Compatible Counter Latch ............... 
AL,CL,CP 
16 
3-452 


MC14598B 
8-Bit Bus Compatible Addressable Latch ......... 
AL,CL,CP 
18 
3-452 
MC14599B 
8-Bit Addressable Latch ............................... 
AL,CL,CP 
18 
3-182 


4734B 
See MC14513B 
- Normally Pin for Pin 
Equivalent 


40014B 
See MC14584B 
- Normally Pin for Pin 
Equivalent 


40085B 
See MC14585B 
- Normally Pin for Pin 
Equivalent 


40097B 
See MC14503B 
- Normally Pin for Pin 
Equivalent 
40101B 
See MC14531 
B - Functionally 
Equivalent 


40106B 
See MC 141 06B - Pin for Pin Equivalent 


Device 
Function 
Suffix 
Pins 
Page II 
40108B 
See MC14580B 
- Normally Pin for Pin 
Equivalent 
40160B 
See MC 141 60B - Pin for Pin Equivalent 
40161B 
See MC 141 61 B - Pin for Pin Equivalent 
40162B 
See MC14162B 
- Pin for Pin Equivalent 
40163B 
See MC 141 63B - Pin for Pin Equivalent 
40174B 
See MC 141 74B - Pin for Pin Equivalent 
40175B 
See MC 1417 5B - Pin for Pin Equivalent 
40181B 
See MC 14581 B - Pin for Pin Equivalent 
40182B 
See MC14582B 
- Pin for Pin Equivalent 
40192B 
See MC 1451 OB - Functionally 
EquivC1lent 
40193B 
See MC14516B 
- Functionally 
Equivalent 
40194B 
See MC14194B 
- Normally Pin for Pin 
Equivalent 
40208B 
See MC 14 580B - Normally Pin for Pin 
Equivalent 


MC142100 
4 x 4 Cross Point Switch .............................. 
AL,CL,CP 
16 
• 
MC144100 
Duplex Mode 32-Segment 
LED Driver ............. 
P 
24 
0 


MC144104 
High Performance Remote Control Transmitter 
P 
24 
0 


MC144105 
Remote Control Transmitter .......................... 
P 
20 
0 


MC144110 
Hex D/A Converter ...................................... 
P 
18 
0 


MC144111 
Quad D/A Converter .................................... 
P 
14 
0 


MC144115 
16-Segment LCD Driver ............................... 
P 
24 
0 


MC144117 
4-Digit Duplex Mode LCD Decoder/Driver ........ 
P 
24 
0 


MC144122 
Remote Control Receiver .............................. 
P 
16 
0 


MC144124 
High Performance Remote Control Receiver ..... 
P 
24 
0 


MC144130 
TV Stereo Decoder ...................................... 
P 
28 
0 


MC145000 
48-Segment 
Multiplexed LCD Driver (Master) .. 
L,P 
24 
0 


MC145001 
44-Segment 
Multiplexed LCD Driver (Slave) .... 
L,P 
18 
0 


MC145026 
Remote Control Encoder ............................... 
L,P 
16 
0 


MC145027 
Remote Control Decoder .............................. 
L,P 
16 
0 


MC145028 
Remote Control Decoder .............................. 
L,P 
16 
0 


MC145029 
Remote Control Decoder .............................. 
L,P 
16 
0 


MC145040 
Serial A/D Converter .................................... 
L,P 
20 
0 


MC145041 
Serial A/D Converter .................................... 
L,P 
20 
0 


MC145100 
4 x 4 Cross Point Switch .............................. 
L,P 
16 
• 
MC145104 
PLL Frequency Synthesizer ........................... 
P 
16 
0 


MC145106 
PLL Frequency Synthesizer ........................... 
P 
18 
0 


MC145107 
PLL Frequency Synthesizer ........................... 
P 
16 
0 


MC'145109 
PLL Frequency Synthesizer ........................... 
P 
16 
0 


MC145112 
PLL Frequency Synthesizer ........................... 
P 
18 
0 


MC145143 
PLL Frequency Synthesizer ........................... 
P 
16 
0 


MC145144 
4-Bit Data Bus Input PLL Frequency 
Synthesizer ................................................ 
L,P 
16 
0 


MC145145 
4-Bit Data Bus Input PLL Frequency 
Synthesizer ................................................ 
L,P 
18 
0 


MC145146 
4-Bit Data Bus Input PLL Frequency 
Synthesizer ................................................ 
L,P 
20 
0 


MC145151 
Parallel Input PLL Frequency Synthesizer ......... 
L,P 
28 
0 


• 
See the Telecommunications 
Data Manual. 


0 
See the CMOS Data Manual. Volume 
2. Special Functions. 


1-11 
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MC145152 
Parallel Input PLL Frequency Synthesizer ......... 
L,P 
28 
0 


MC145155 
Serial Input PLL Frequency Synthesizer ........... 
L,P 
18 
0 


MC145156 
Serial Input PLL Frequency Synthesizer ........... 
L,P 
20 
0 


MC145157 
Serial Input PLL Frequency Synthesizer ........... 
L,P 
16 
0 


MC145158 
Serial Input PLL Frequency Synthesizer ........... 
L,P 
16 
0 


MC145159 
Serial Input PLL Frequency Synthesizer ........... 
L,P 
20 
0 


MC145414 
Dual Tuneable Lowpass Sampled Data Filters ... 
L,P 
16 
0 • 
MC145415 
Dual Tuneable Linear Phase Low Pass 
Sampled Data Filters .................................... 
L,P 
16 
• 
MC145420 
MDPSK Universal Digital-Loop Transceiver 
(4-Wire Master) .......................................... 
L 
24 
• 
MC145422 
MDPSK Universal Digital-Loop Transceiver 
(2-Wire Master) .......................................... 
L 
22 
• 
MC145423 
MDPSK Universal Digital-Loop Transceiver 
(2-Wire Master) .......................................... 
L 
20 
• 
MC145425 
MDSPK Universal Digital-Loop Transceiver 
(4-Wire Slave) ............................................ 
L 
22 
• 
MC145426 
MDPSK Universal Digital-Loop Transceiver 
(2-Wire Slave) ............................................ 
L 
22 
• 
MC145428 
Data Set Interface ....................................... 
L,P 
20 
• 
MC145429 
Telset Audio Interface .................................. 
L,P 
18 
• 
MC145431 
Tuneable Lowpass/Bandpass 
Filter ................. 
L,P 
16 
• 
MC145432 
2600 
Hz Tone Signalling Filter. ...................... 
L,P 
18 
• 
MC145433 
Tuneable Notch/Bandpass Filter. .................... 
L,P 
16 
• 
MC145440 
Low Speed Modem Filter .............................. 
L,P 
18 
• 
MC145441 
Low Speed Modem Filter .............................. 
L,P 
18 
• 
MC145445 
300 Baud FSK Modem ................................. 
L,P 
22 
• 
MC145450 
1200 Baud FSK Modem ............................... 
L,P 
22 
• 
MC146805E2 
8-Bit Microprocessor, 
Expandable .................. 
L,P,Z 
40 
x 


MC146805F2 
8-Bit Single Chip Microcomputer .................... 
L,P,Z 
28 
x 


MC146805G2 
8-Bit Single Chip Microcomputer .................... 
L,P,Z 
40 
x 


MC146818 
Real-Time Clock/RAM .................................. 
L,P,Z 
24 
x 


MC146823 
Parallel Interface ......................................... 
L,P,Z 
40 
x 


MC1468705G2 
8-Bit Single Chip Microcomputer 
with EPROM.. 
L,P 
40 
x 


MCIVI5101 
256 
x 4-Bit Static RAM .............................. 
C,P 
22 
+ 
MCIVI14505 
64 
x 1-Bit Static RAM .......................... 
AL,CL,CP 
14 
0 


MCM14524 
256 
x 4-Bit ROM, See Note D.................. 
AL,CL,CP 
16 
0 


MCM14537 
256 
x 
1-Bit Static RAM .......................... 
AL,CL,CP 
16 
0 


MCM14552 
64 
x 4-Bit Static RAM .......................... 
AL,CL,CP 
24 
0 


MCM65116 
2048 
x 8-Bit Static RAM .......................... 
C,P 
24 
+ 
MCM65147 
4096 
x 1-Bit Static RAM .......................... 
C,P 
18 
+ 
MCM65256 
32768 
x 8-Bit ROM .................................. 
P 
28 
+ 
MCM65516 
2048 
x 8-Bit Multiplexed Bus ROM ............ 
L,P 
18 
+ 
MCM144102 
16 x 
16-Bit Static RAM ........................ 
P 
8 
0 


x 
See the 8-8it 
Microprocessors 
Data Manual. 


+ 
See the Memory 
Data Manual. 


• 
See the Telecommunications 
Data Manual. 
o 
See the CMOS Data Manual, Volume 2, Special Functions. 
Note D: Available 
only by special order. 


Selection 
Guide by Function 
II 


Special Functions: 
Display Decoders/Drivers................................................................................. 
0 


A/D, D/A Converters/Logic Functions................................................................. 
0 


Operational Amplifiers/Comparators................................................................... 
0 


Telecommunications Functions......................................................................... 
• 
Remote Control Functions................................................................................ 
0 


Radio/TV Functions......................................................................................... 
0 


Miscellaneous................................................................................................ 
0 


NAND Gates 


MC14011 B 
Quad 2-lnput NAND Gate 
. 
MC14011 UB 
Quad 2-lnput NAND Gate 
. 


MC14093B 
Quad 2-lnput Schmitt Trigger 
. 


MC14023B 
Triple 3-lnput NAND Gate 
. 


MC14023UB 
Triple 3-lnput NAND Gate 
. 


MC14012B 
Dual4-lnput NAND Gate 
. 


MC14012UB 
Dual4-lnput NAND Gate 
. 
MC14068B 
8-lnput NAND Gate 
. 


See also MC14501 UB and MC14572UB 


NOR Gates 


MC14001 B 
Quad 2-lnput NORGate 
. 


MC1400 1UB 
Quad 2-lnput NORGate 
. 
MC1402 5B 
Triple 3-lnput NORGate 
. 


MC14025UB 
Triple 3-lnput NORGate 
. 


MC14000UB 
Dual 3-lnput NORGate PlusInverter 
. 


MC14002B 
Dual4-lnput NORGate 
. 


MC14002UB 
Dual4-lnput NORGate 
. 


MC14078B 
8-lnput NORGate 
. 
See also MC14501 UB and MC14572UB 


AND Gates 


MC14081 B 
Quad 2-lnput AND Gate 
. 


MC14073B 
Triple 3-lnput AND Gate 
. 


MC14082B 
Dual4-lnput AND Gate 
. 


See also MC14501 UB 


x 
See the 8-Bit Microprocessors 
Data Manual. 


+ 
For large CMOS Memories 
see the Memory 
Data Manual. 


§ 
For small CMOS Memories 
see the CMOS Data Manual. Volume 
2. Special Functions. 
o 
See the CMOS Data Manual. Volume 
2. Special Functions. 
• 
See the Telecommunications 
Data Manual. 


3-5 
3-14 
3-173 
3-5 
3-14 
3-5 
3-14 
3-5 


3-5 
3-14 
3-5 
3-14 
3-2 
3-5 
3-14 
3-5 


3-5 
3-5 
3-5 


OR Gates 


MC14071 
B 
Quad 2-lnput OR Gate 
3-5 
MC14075B 
Triple 3-lnput OR Gate 
3-5 
MC14072B 
Dual 4-lnput ORGate................................... 
3-5 
See also MC14501 
UB 


Complex Gates 


MC14070B 
MC14077B 
MC14501UB 
MC14506UB 
MC14519B 
MC14530B 
MC14572UB 


Quad Exclusive OR Gate 
. 


Quad Exclusive NOR Gate 
. 


Triple Gate 
. 
Dual Expandable AOI Gate 
. 


4-Bit And/Or Selector 
. 
Dual 5-lnput Majority Logic Gate 
. 
Hex Gate 
. 


Inverters/Buffers/Level 
Translators 


MC14007UB 
Dual Complementary Pair Plus Inverter 
. 
MC14049UB 
Hex Inverter/Buffer 
. 
MC 14050B 
Hex Buffer 
. 
MC 14069UB 
Hex Inverter. , 
. 
MC14502B 
Strobed Hex Inverter/Buffer 
. 


MC14503B 
Hex 3-State Buffer 
. 
MC14504B 
Hex TTL or CMOS to CMOS Level Shifter 
. 
MC 14 584B 
Hex Schmitt Trigger 
. 
See also MC14000UB 


Schmitt Triggers 


MC14093B 
MC14583B 
MC14106B 
MC14584B 


Flip-Flops/Latches 


MC14013B 
MC14027B 
MC14042B 
MC14043B 
MC14044B 
MC14076B 
MC14175B 
MC14508B 
MC14174B 
MC14099B 
MC14597B 
MC14598B 
MC14599B 


Quad 2-lnput NAND Schmitt Trigger 
. 
Dual Schmitt Trigger 
. 
Hex Schmitt Trigger 
. 
Hex Schmitt Trigger 
. 


Dual D Flip-Flop 
. 
Dual J-K Flip-Flop 
. 


Quad Latch 
. 
Quad NOR R-S Latch 
. 


Quad NAND R-S Latch 
. 
Quad D-Type Register 
. 
Quad D Flip-Flop 
. 


Dual 4-Bit Latch 
. 


Hex D Flip-Flop 
. 


8-Bit Addressable Latch 
. 
8-Bit Bus Compatible Counter/Latch 
. 
8-Bit Bus Compatible Addressable Latch 
. 
8-Bit Addressable Latch 
. 


3-159 
3-159 
3-222 
3-237 
3-278 
3-313 
3-422 


3-24 
3-131 
3-131 
3-157 
3-226 
3-230 
3-234 
3-445 


3-173 
3-439 
3-188 
3-445 


3-36 
3-82 
3-118 
3-122 
3-122 
3-165 
3-201 
3-242 
3-197 
3-182 
3-452 
3-452 
3-182 


Shift Registers 


MC14035B 
MC14194B 
MC14015B 
MC14580B 
MC14014B 
MC14021B 
MC14034B 
MC14094B 
MC14006B 
MC14557B 
MC14517B 
MC14562B 


Counters 


MC14024B 
MC14022B 
MC14017B 
MC14018B 
MC14160B 
MC14162B 
MC14534B 
MC14029B 
MC14020B 
MC14040B 
MC14060B 
MC14161 
B 
MC14163B 
MC14516B 
MC14520B 
MC14521B 
MC14526B 
MC14568B 
MC14569B 
MC14510B 
MC14522B 
MC14518B 
MC14553B 


4-Bit Shift Register 
. 
4-Bit Universal Shift register 
. 
Dual 4-Bit Static Shift Register 
. 


4 x 4 Multiport Register 
. 
8-Bit Static Shift Register 
. 


8-Bit Static Shift Register 
. 


8-Bit Universal Bus Register 
. 
8-Bit Bus Compatible Shift/Store 
Latch 
. 


18-Bit Static Shift Register 
. 


1-to-64 Bit Variable Length Shift Register 
. 
Dual 64-Bit Static Shift Register 
. 


128-Bit Static Shift Register 
. 


7-Stage Ripple Counter 
. 
Octal Counter/Divider 
. 
Decade Counter/Divider 
. 
Presettable Divide-By-N Counter 
. 
Synchronous Programmable Decade Counter 
. 
Synchronous Programmable Decade Counter 
. 
Real Time 5-Decade Counter 
. 


Binary/Decade Up/Down Counter 
. 


14-Bit Binary Counter 
. 
12-Bit Binary Counter 
. 


14-Bit Binary Counter and Oscillator 
. 


Synchronous Programmable 4-Bit Binary Counter 
. 
Synchronous Programmable 4-Bit Binary Counter 
. 
Binary Up/Down Counter 
. 


Dual Binary Up Counter 
. 


24-Stage Frequency Divider 
. 


Programmable Binary Divide-By-N Counter 
. 
Phase Comparator and Programmable Counters 
. 
Dual Programmable BCD/Binary Counter 
. 


BCD Up/Down Counter 
. 
Programmable BCD Divide-By-N Counter 
. 
Dual BCD Up Counter 
. 
3-Digit BCD Counter 
. 


Adders/Comparators 


MC 14008B 
4-Bit Full Adder 
. 
MC 14032B 
Triple Serial Adder (Positive Logic) 
. 
MC14038B 
Triple Serial Adder (Negative Logic) 
. 
MC 14560B 
NBCD Adder 
. 


MC 14561 B 
9' s Complementer 
. 


MC14582B 
Look Ahead Carry Block 
. 
MC 14585B 
4-Bit Magnitude Comparator 
. 


II 


3-109 
3-205 
3-44 
3-425 
3-40 
3-40 
3-102 
3-177 
3-20 
3-384 
'l. •••.• 


3-269 
3-398 
f-'lrv!-too 


3-76 
3-70 
3-56 
3-61 
3-189 
3-189 
3-327 
3-91 
3-65 
3-114 
3-141 
3-189 
3-189 
3-263 
3-273 
3-283 
3-289 
3-408 
3-418 
3-247 
3-289 
3-273 
3-371 


3-28 
3-97 
3-97 
3-388 
3-392 
3-435 
3-448 


a Parity Generator/Checker 


MC14531 
B 
12-Bit Parity Tree 
. 


ALU's/Rate 
Multipliers 


MC14527B 
BCD Rate Multiplier 
. 


MC14554B 
2 x 2-Bit Parallel Binary Multiplier 
. 


MC14581 
B 
4-Bit Arithmetic 
Logic Unit 
. 


MC14028B 
MC14419 
MC14430 
MC14514B 
MC14515B 
MC14532B 
MC14555B 
MC14556B 
MC145026 
MC145027 
MC145028 
MC145029 


BCD-to-Decimal/Binary-to-Octal 
Decoder 
. 


2-of-8 Keypad-to-Binary encoder 
. 
Input Address Encoder 
. 


4-Bit Latch/4-to-16 
Line Decoder (High) 
. 


4-Bit Latch/4-to-1 6 Line Decoder (Low) 
. 


8-Bit Priority Encoder 
. 


Dual Binary to 1-of-4 Decoder 
. 


Dual Binary to 1-of-4 Decoder (Inverting) 
. 


Remote Control Encoder 
. 
Remote Control Decoder 
. 


Remote Control Decoder 
. 


Remote Control Decoder 
. 


MC14016B 
MC14066B 
MC14053B 
MC14551B 
MC14052B 
MC14529B 
MC14539B 
MC14051B 
MC14512B 
MC14097B 
MC14067B 
MC14519B 
MC14007UB 
MC14555B 
MC14556B 


Quad Analog Switch/Multiplexer 
. 


Quad Analog Switch/Multiplexer 
. 


Triple 2-Channel Analog Multiplexer 
. 


Quad 2-Channel Analog Multiplexer 
. 


Dual4-Channel 
Analog Multiplexer 
. 
Dual 4-Channel Analog Data Selector 
. 


Dual 4-Channel Data Selector/Multiplexer 
. 


8-Channel Analog Multiplexer 
. 


8-Channel Data Selector 
. 


Differential 8-Channel Analog Multiplexer 
. 


16-Channel Analog Multiplexer 
. 
4-Bit And/Or Selector 
. 
Dual Complementary Pair Plus Inverter 
. 
Dual Binary to 1-of-4 Decoder 
. 


Dual Binary to 1-of-4 Decoder (Inverting) 
. 


MC14060B 
N1C14415 
N1C14521 B 


14-Bit Binary Counter and Oscillator 
. 


Quad Precision Timer/Driver 
. 


24-Stage Frequency Divider 
. 


3-296 
3-377 
3-430 


3-86 
3-214 
3-218 
3-257 
3-257 
3-321 
3-381 
3-381 


o 
o 
o 
o 


3-50 
3-145 
3-135 
3-365 
3-135 
3-307 
3-348 
3-135 
3-253 
3-150 
3-150 
3-278 
3-24 
3-381 
3-381 


3-141 
3-209 
3-283 


MC14528B 
MC14536B 
MC14538B 
MC14541B 
MC14548B 
MC14566B 


Dual Monostable Multivibrator 
. 
Programmable Timer 
. 
Dual Precision Monostable Multivibrator 
. 
Programmable Oscillator-Timer 
. 
Dual Monostable Multivibrator 
. 
Industrial Time-Base Generator 
. 


PLL Frequency Synthesizer 


MC 14046B 
Phase-Locked Loop 
. 


3-302 
3-333 
3-340 
3-352 
3-358 
3-402 
II 


Binary 
Octal 
Oecade 
BCD 
UP/ 
Outputs 
Carry 
+ Ratio 
Presetl 
Resetl 
On-chip 


(Bits) 
Down 
Outlln 
Program 
Clear 
Osc. 


MC14D17B 
- 
- 
1 
- 
U 
00-09 
Out 
- 
- 
Yes 
- 


Ma:14D18B 
5 
- 
- 
- 
U 
01-05 
- 
2-10 
Yes 
Yes 
- 


Ma:14D2DB 
14 
- 
- 
- 
U 
01, 04-014 
- 
- 
- 
Yes 
- 


MC14D22B 
- 
1 
- 
- 
U 
00-07 
Out 
- 
- 
Yes 
- 


MC14D24B 
7 
- 
- 
- 
U 
01-07 
- 
- 
- 
Yes 
- 


MC14D29B 
4=#= 
- 
- 
1# 
UfO 
00-03 
Out/In 
1-16 or 
Yes 
- 
- 
1-10 


MC14D4DB 
12 
- 
- 
- 
U 
01-012 
- 
- 
- 
Yes 
- 


MC14D6DB 
14 
- 
- 
- 
U 
04-010 
- 
- 
- 
Yes 
Yes 
012-014 
MC1416DB 
- 
- 
- 
1 
U 
01-04 
Out 
1-10 
Yes 
Yes 
- 
MC14161B 
4 
- 
- 
- 
U 
01-04 
Out 
1-16 
Yes 
Yes 
- 


MC14162B 
- 
- 
- 
1 
U 
01-04 
Out 
1-10 
Yes 
Yes 
- 


MC14163B 
4 
- 
- 
- 
U 
01-04 
Out 
1-16 
Yes 
Yes 
- 


MC1451DB 
- 
- 
- 
1 
UfO 
01-04 
Out/In 
1-10 
Yes 
Yes 
- 


MC14516B 
4 
- 
- 
- 
UfO 
00-03 
Out/In 
1-16 
Yes 
Yes 
- 


MC145188 
- 
- 
- 
2x1 
U 
00-03 
- 
- 
- 
Yes 
- 


MC1452DB 
2x4 
- 
- 
- 
U 
00-03 
- 
- 
- 
Yes 
- 


MC14521B 
24 
- 
- 
- 
U 
018-024 
- 
- 
- 
Yes 
Yes 
MC14522B 
- 
- 
- 
1 
0 
00-03 
Out/In 
1-10 
Yes 
Yes 
- 


MC14526B 
4 
- 
- 
- 
0 
00-03 
Out/In 
1-16 
Yes 
Yes 
- 


MI:14534B 
- 
- 
5 
- 
U 
00-03* 
Out 
- 
- 
Yes 
- 


MI:14553B 
- 
- 
- 
3 
U 
00-03* 
Out 
- 
- 
Yes 
Yes 
MI:14568B 
7 
- 
- 
- 
U 
01 
- 
4, 16,64 
- 
- 
- 
or 100 
4 
- 
- 
- 
U 
- 
Out 
1-16 
Yes 
- 
- 
MI:14569B 
1=#= 
- 
- 
1# 
U 
- 
In 
1-10 or 
Yes 
- 
- 
1-16 
HI: 
- 
- 
1=#: 
U 
0 
In 
1-10 or 
Yes 
- 
- 
1-16 


11=Selectable 
. 
• 
Multiplexed 
Output. 


II 


Introducing a new dimension in CMOS' 


Motorola's new family of standard-logic High-Speed CMOS integrated circuits provides 
the designer with a complete series of functions which approaches the ideal in perfor- 
mance. 


All of the present CMOS logic family features, including low power dissipation and high 
noise 
immunity, 
combine 
with 
LSTTL speeds, 
pinouts 
and drives 
to 
offer 
the 
marketplace a new dimension in CMOS standard logic. 


• 
Guaranteed Propagation Delay - 
15 ns for 74HCOO 
• 
Wide Operating Range - 
2-6 V Recommended 
• 
High Noise Immunity - 
Typically 45% of Supply Voltage 
• 
Low Quiescent Power Dissipation 
• 
Diode Protection - 
All Inputs 
• 
High Fanout - 
10 LSTTL Loads (4 mA Drive) 
• 
Direct Pin Compatibility 
with LSTTL Parts (HCXXX or HCTXXX) 
and CMOS Parts (HC4XXX) 


• 
Input Logic Compatible with CMOS Parts (HCXXX or HC4XXX) 
and/or LSTTL Parts (HCTXXX) 


• 
Proven Reliability and Process 


,.,mpl, 
Tr 


Mo"ml, e,,,",, Id,o,;l;" ~ 
_ 


Temperature Range 


• 
74 for Commercial Range (- 
40°C 
to 85°C) 
• 
54 for Extended Range (-55°C 
to 125°C) 


High-Speed CMOS Specification 
Identifier 


• 
HC for Buffered High-Speed CMOS 
• 
HCU for Unbuffered High-Speed CMOS' 


• 
HCT for TTL Input Compatible CMOS' 


Package Type 
• 
N for Plastic (74 Series Only) 


• 
J for Ceramic 


Basic Device Type 
• Not Available On All Devices 


• 
Parts shown are functional 
equivalent except when preceded by an asterisk (* l. 


i dicating 
a suggested alternative 
• 
Device numbers preceded by a ••*" 
are new proprietary 
designs 
[ 


Functional 
High-Speed 
'Functional 
Equivalent 
Direct 
Pin 
Number 
of 
Device 
Function 
Equivalent 
CMOS Device 


Number 
LSTTL Device 
MC1XXXX 
or 
Compatibility 
Pins 


MC74/MC54 
74/54 
CDXXXX 


HCOO 
Quad 2-lnput 
NAND Gate 
LSOO 
4011 
LS 
14 
HC02 
Quad 2-lnput 
NOR Gate 
LS02 
4001 
LS 
14 
HC03 
Quad 2-lnput 
NAND 
LS03 
* 4011 
LS 
14 
with Open Drain Outputs 
HC08 
Quad 2-lnput AND Gate 
LS08 
4081 
LS 
14 
HC10 
Triple 3-lnput 
NAND Gate 
LS10 
4023 
LS 
14 


HC11 
Triple 3-lnput AND Gate 
LS11 
4073 
LS 
14 
HC20 
Dual 4-lnput 
NAND Gate 
LS20 
4012 
LS 
14 
HC27 
Triple 3-lnput NOR Gate 
LS27 
4025 
LS 
14 
HC30 
8-lnput 
NAND Gate 
LS30 
4068 
LS 
14 
HC32 
Quad 2-lnput OR Gate 
LS32 
4071 
LS 
14 


HC51 
2-Wide, 2-lnput/2-Wide, 
LS51 
*4506 
LS 
14 
3-lnput AND-OR-INVERT Gates 
*HC58 
2-Wide, 2-lnput/2-Wide, 
*LS51 
*4506 
14 
3-lnput AND-OR Gates 
HC86 
Quad 2-lnput Exclusive OR Gate 
LS86 
4070 
LS 
14 
HC132 
Quad 2-lnput Schmitt-Trigger 
LS132 
4093 
LS 
14 
NAND Gate 
HC133 
13-lnput NAND Gate 
LS133 
LS 
16 


HC266 
Quad 2-lnput Exclusive NOR Gate 
LS266 
4077 
LS/CMOS 
14 
(Non Open Drain) 
HC4002 
Dual 4-lnput 
NOR Gate 
*LS25 
4002 
CMOS 
14 
HC4075 
Triple 3-lnput OR Gate 
4075 
CMOS 
14 
HC4078 
8-lnput 
NOR Gate 
4078 
CMOS 
14 


HC04 
Hex Inverter 
LS04 
*4069 
LS/CMOS 
14 
HCU04 
Hex Unbuffered 
Inverter 
LS04 
4069 
LS/CMOS 
14 
HC14 
Hex Schmitt-Trigger 
Inverter 
LS14 
4584 
LS/CMOS 
14 
HC240/ 
Octal Buffer/Line 
Driver/Line Receiver, 
LS240 
LS 
20 
HCT240 
3-State, 
Inverting Output 
HC241/ 
Octal Buffer/Line 
Driver/Line Receiver, 
LS241 
LS 
20 
HCT241 
3-State 


HC244/ 
Octal Buffer/Line 
Driver/Line Receiver, 
LS244 
LS 
20 
HCT244 
3-State 
HC365 
Hex 3-State Bus Driver 
LS365A 
LS 
16 
with Common 2-lnput NOR Enable 
HC366 
Hex 3-State Bus Driver 
LS366A 
LS 
16 
with Common 2-lnput NOR Enable, 
Inverting Output 
HC367 
Hex 3-State Bus Driver 
LS367A 
4503 
LS/CMOS 
16 
with Separate 2-Bit 
and 4-Bit Sections 
HC368 
Hex 3-State Bus Driver 
LS368A 
LS 
16 
with Separate 2-Bit 
and 4-Bit Sections, Inverting Output 
HC540 
Octal Buffer/Line 
Driver/Line Receiver, 
LS540 
LS 
20 
3-State Inverting Outputs 
HC541 
Octal Buffer/Line 
Driver/Line Receiver, 
LS541 
LS 
20 
3-State 
HC4049 
Hex Inverting Buffer 
4049 
CMOS 
16 
HC4050 
Hex Buffer 
- 
4050 
CMOS 
16 


Functional 
High-Speed 
Functional 
Equivalent 
Device 
Function 
Equivalent 
CMOS Device 
Direct 
Pin 
Number 
of 


Number 
LSTTL Device 
MC1XXXX 
or 
Compatibility 
Pins 


MC74/MC54 
74/54 
CDXXXX 
II 


HC14 


I 


Hex Schmitt-Trigger 
Inverter 
LS14 
4584 
LS/CMOS 
14 
HC132 
Quad 2-lnput Schmitt-Trigger 
LS132 
4093 
LS 
14 
NAND Gate 


HC242 
Quad Bus Transceiver. 
3-State. 
LS242 
LS 
14 
Inverting Output 
HC243 
Quad Bus Transceiver. 
3-State 
LS243 
LS 
14 
HC245/ 
Octal Bus Transceiver. 
3-State 
LS245 
LS 
20 
HCT245 
HC640 
Octal Bus Transceiver. 
3-State 
LS640 
LS 
20 
HC643 
Octal Bus Transceiver. 
3-State 
LS643 
LS 
20 


HC646 
Octal Bus Transceiver and Register. 
LS646 
LS 
24 
3-State 
HC648 
Octal Bus Transceiver and Register. 
LS648 
LS 
24 
3-State. 
Inverting Output 


HC85 
4-Bit Magnitude 
Comparator 
LS85 
*4585 
LS 
16 
HC181 
4-Bit Arithmetic 
Logic Unit 
LS 181 
4581 
LS/CMOS 
24 
HC182 
Carry Lookahead Generator 
LS182 
4582 
LS/CMOS 
16 
HC280 
9-Bit Odd/Even Parity 
LS280 
*4531 
LS 
14 
Generator/Checker 
HC283 
4-Bit Binary Full Adder with Fast Carry 
LS283 
4008 
LS 
16 
HC888 
8-Bit Equality Comparator 
20 
HC4560 
NBCD Adder 
4560 
CMOS 
16 


HC292 
Programmable Frequency Divider/ 
LS292 
LS 
16 
Digital Timer 
HC294 
Programmable Frequency Divider/ 
LS294 
LS 
16 
Digital Timer 
HC4046 
Phase-Locked Loop 
*LS297 
4046 
CMOS 
16 


HC73 
Dual J-K Flip-Flop with Reset 
LS73A 
*4027 
LS 
14 
HC74 
Dual D-Type Flip-Flop with Set and 
LS74A 
4013 
LS 
14 
Reset. Positive-Edge Triggered 
HC75 
4-Bit D-Type Latch 
LS75 
*4042 
LS 
16 
HC76 
Dual J-K Flip-Flop with Set and Reset 
LS76A 
*4027 
LS 
16 
HC107 
Dual J-K Flip-Flop with Reset 
LS107A 
4027 
LS 
14 
HC109 
Dual J-K Flip-Flop with Set and Reset. 
LS109A 
*4027 
LS 
16 
Positive-Edge Triggered 
HC112 
Dual J-K Flip-Flqp with Set and Reset. 
LS112A 
*4027 
LS 
16 
Negative-Edge Triggered 
HC113 
Dual J-K Flip-Flop with Set. 
LS113 
*4027 
LS 
14 
Negative-Edge Triggered 
HC174 
Hex D-Type Flip-Flop 
LS174 
4174 
LS/CMOS 
16 
with Common Clock and Reset 
HC175 
Quad D-Type Flip-Flop 
LS175 
4175 
LS/CMOS 
16 
HC259 
8-Bit Addressable 
Latch 
LS259 
*4099 
LS 
16 
HC273 
Octal D-Type Flip-Flop 
LS273 
*4175 
LS 
20 
with Common Clock/Reset 
HC373/ 
Octal O-Type Transparent 
Latch. 
LS373 
LS 
20 
HCT373 
3-State 
HC374/ 
Octal D-Type Flip-Flop. 3-State 
LS374 
LS 
20 
HCT374 
HC533 
Octal D-Type Transparent 
Latch. 
LS533 
LS 
20 
3-State 
Inverting Output 


D[ 


Functional 
High-Speed 
Functional 
Equivalent 
Direct 
Pin 
Number 
of 
Device 
Function 
Equivalent 
CMOS Device 
Compatibility 
Pins 
Number 
LSTTL Device 
MC1XXXX 
or 
MC74/MC54 
74/54 
CDXXXX 


HC534 
Octal D-Type Flip-Flop, 3-State, 
LS534 
LS 
20 
Inverting Output 
HC563 
Octal Transparent Latch, 3-State, 
LS576 
LS 
20 
Inverting Output 
HC564 
Octal D-Type Flip-Flop, 3-State, 
LS580 
LS 
20 
Inverting Output 
HC573 
Octal Transparent Latch, 3-State 
LS573 
LS 
20 
HC574 
Octal D-Type Flip-Flop, 3-State 
LS574 
LS 
20 


HC164 
8-Bit Serial Input/Parallel Output 
LS164 
*4034 
LS 
14 
Shift Register 
HC165 
8-Bit Serial or Parallel Input/Serial 
LS165 
*4021 
LS 
16 
Output Shift Register 
HC173 
4-Bit D-Type Register, 3-State 
LS173 
4076 
LS/CMOS 
16 
HC194 
4-Bit Bidirectional Universal 
LS194A 
4194 
LS/CMOS 
16 
Shift Register 
HC195 
4-Bit Universal Shift Register 
LS195A 
*4035 
LS 
16 


HC299 
8-Bit Universal Shift/Store 
Register, 
LS299 
*4094 
LS 
20 
3-State 
*HC589 
8-Bit Parallel-to-Serial Shift Register 
*LS597 
*4014 
16 
with Input Latches, 3-State 
or*4021 
HC595 
8-Bit Serial-to-Parallel Shift Register, 
LS595 
*4034 
LS 
16 
3-State 
HC597 
8-Bit Parallel-to-Serial Shift Register 
LS597 
*4014 
or 
LS 
16 
with Input Latches 
*4021 


HC160 
Programmable Decade Counter, 
LS160A 
4160 
LS/CMOS 
16 
Asynchronous 
Clear 
HC161 
Programmable 4-Bit Binary Counter, 
LS161A 
4161 
LS/CMOS 
16 
Asynchronous 
Clear 
HC162 
Programmable Decade Counter, 
LS162A 
4162 
LS/CMOS 
16 
Synchronous Clear 
HC163 
Programmable 4-Bit Binary Counter, 
LS163A 
4163 
LS/CMOS 
16 
Synchronous Clear 
HC192 
Presettable BCD Decade Up/Down 
LS192 
4510 
LS 
16 
Counter 


HC193 
Presettable 4-Bit Binary Up/Down 
LS193 
4516 
LS 
16 
Counter 
HC390 
Dual Decade Counter 
LS390 
*4518 
LS 
16 
HC393 
Dual 4-Bit Binary Counter 
LS393 
*4520 
LS 
14 
HC4017 
Decade CounterlDivider 
4017 
CMOS 
16 
HC4020 
14-Stage Binary Ripple Counter 
4020 
CMOS 
16 


HC4024 
7-Stage Binary Ripple Counter 
4024 
CMOS 
14 
HC4040 
12-Stage Binary Ripple Counter 
4040 
CMOS 
16 
HC4060 
14-Stage Binary Ripple Counter 
4060 
CMOS 
16 
with Oscillator 


HC123 
Dual Retriggerable Monostable 
LS123 
*4538 
or 
LS 
16 
Multivibrator 
*4528 


HC221 
Dual Monostable Multivibrator 
LS221 
* 4538 
or 
LS 
16 
*4528 


HC423 
Dual Monostable Multivibrator 
LS423 
*4538 
or 
LS 
16 
*4528 


HC4538 
Dual Precision Retriggerable/Resettable 
*LS221 
4538 
CMOS 
16 
Monostable 
Multivibrator 
L 


Functional 
High-Speed 
Functional 
Equivalent 
Direct 
Pin 
Number 
of 


Device 
Function 
Equivalent 
CMOS oevice 
Compatibility 
Pins 
Number 
LSTTL Device 
MC1XXXXor 


MC74/MC54 
74/54 
CDXXXX 
II 


HC42 
BCD to 1-of-1 0 Decoder 
LS42 
*4028 
LS 
16 
HC137 
1-of-8 Decoder/Demultiplexer 
LS137 
*4028 
LS 
16 
with Latched Inputs, Inverting Output 
HC138/ 
LS138 
*4028 
LS 
16 
HCT138 
1-of-8 Decoder/Demultiplexer 
HC139 
Dual 1-of-4 Decoder 
LS139 
4555 
LS/CMOS 
16 
(Active-Low 
Outputs) 
HC147 
10-to-4 
Priority Encoder 
LS147 
*4532 
LS 
16 


HC154 
4-to-1 6 Decoder 
LS154 
*4514 
LS 
24 
HC237 
1-of-8 Decoder/Demultiplexer 
*LS137 
*4028 
16 
with Latched Inputs 
HC4511 
BCD-to-7-Segment 
*(LS46- 
4511 
LS/CMOS 
16 
Latch/Decoder/Driver 
LS49) 
HC4514 
4-Bit Latch/4-to-16 
Line Decoder 
4514 
CMOS 
24 
HC4543 
BCD-to- 7 Segment 
*(LS46- 
4543 
CMOS 
16 
Latch/Decoder/Driver 
LA49) 
for Liquid-Crystal 
Displays 


HC173 
4-Bit D-Type Register, 3-State 
LS173 
4076 
LS/CMOS 
16 
HC240/ 
Octal Buffer/Line 
Driver/Line Receiver, 
LS240 
LS 
20 
HCT240 
3-State, 
Inverting Output 
HC241/ 
Octal Buffer/Line 
Driver/Line Receiver, 
LS241 
LS 
20 
HCT241 
3-State 
HC242 
Quad 3-State Bus Transceiver, 
LS242 
LS 
14 
Inverting Output 
HC243 
Quad 3-State Bus Transceiver 
LS243 
LS 
14 


HC244/ 
Octal Buffer/Line 
Driver/Line Receiver, 
LS244 
LS 
20 
HCT244 
3-State 
HC245/ 
LS245 
LS 
20 
HCT245 
Octal Bus Transceiver, 
3-State 
HC251 
8-lnput 
Multiplexer, 
3-State 
LS251 
*4512 
LS 
16 
HC253 
Dual 4-lnput 
Multiplexer, 
3-State 
LS253 
*4539 
LS/CMOS 
16 
HC257 
Quad 2-lnput 
Data Selector/Multiplexer, 
LS257 
*4519 
LS 
16 
3-State 


HC299 
8-Bit Universal Shift/Store 
Register, 
LS299 
*4094 
LS 
20 
3-State 
HC354 
8-lnput 
Multiplexer, 
3-State 
LS354 
*4512 
LS 
20 
HC356 
8-lnput 
Multiplexer, 
3-State 
LS356 
*4512 
LS 
20 
HC365 
Hex 3-State Bus Driver 
LS365A 
LS 
16 
with Common 2-lnput NOR Enable 
HC366 
Hex 3-State Bus Driver 
LS366A 
LS 
16 
with Common 2-lnput NOR Enable, 
Inverting Output 


HC367 
Hex 3-State Bus Driver with Separate 
LS367A 
4503 
LS/CMOS 
16 
2-Bit and 4-Bit Sections 
HC368 
Hex 3-State Bus Driver with Separate 
LS368A 
LS 
16 
2-Bit and 4-Bit Sections, 
Inverting Output 
HC373/ 
LS373 
LS 
20 
HCT373 
Octal Transparent Latch, 3-State 
HC374/ 
LS374 
LS 
20 
HCT374 
Octal D-Type Flip-Flop, 3-State 
HC533 
Octal D-Type Transparent Latch, 
LS533 
LS 
20 
3-State, 
Inverting Output 


II 


Functional 
High-Speed 
Functional 
Equivalent 


Direct 
Pin 
Number 
of 
Device 
Function 
Equivalent 
CMOS Device 
Number 
LSTTL Device 
MC1XXXX 
or 
Compatibility 
Pins 


MC74/MC54 
74/54 
CDXXXX 


HC534 
Octal D-Type Flip-Flop, 3-State, 
LS534 
LS 
20 
Inverting Output 
HC540 
Octal Buffer/Line Driver/Line Receiver, 
LS540 
LS 
20 
3-State Inverting Outputs 
HC541 
Octal Buffer/Line Driver/Line Receiver. 
LS541 
LS 
20 
3-State 
HC563 
Octal Transparent Latch, 3-State, 
LS576 
LS 
20 
Inverting Output 
HC564 
Octal D-Type Flip-Flop, 3-State. 
LS580 
LS 
20 
Inverting Output 


HC573 
Octal Transparent Latch, 3-State 
LS573 
LS 
20 
HC574 
Octal D-Type Flip-Flop, 3-State 
LS574 
LS 
20 
*HC589 
8-Bit Parallel-to-Serial Shift Register 
*LS597 
*4014 
or 
16 
with Input Latches, 3-State 
4021 
HC595 
8-Bit Serial-to-Paraliel Shift Register, 
LS595 
*4034 
LS 
16 
3-State 
HC640 
Octal Bus Transceiver, 
3-State 
LS640 
LS 
20 


HC643 
Octal Bus Transceiver, 3-State 
LS643 
LS 
20 
HC646 
Octal Bus Transceiver and Register. 
LS646 
LS 
24 
3-State 
HC648 
Octal Bus Transceiver and Register. 
LS648 
LS 
24 
3-State 


HCT138 
1-of-8 Decoder/Demultiplexer 
LS138 
*4028 
LS 
16 
HCT240 
Octal Buffer/Line Driver/Line Receiver, 
LS240 
LS 
20 
3-State, 
Inverting Output 
HCT241 
Octal Buffer/Line Driver/Line Receiver, 
LS241 
LS 
20 
3-State 
HCT244 
Octal Buffer/Line Driver/Line Receiver. 
LS244 
LS 
20 
3-State 
HCT245 
Octal Bus Transceiver. 3-State 
LS245 
LS 
20 


HCT373 
Octal D-Type Transparent Latch, 
LS373 
LS 
20 
3-State 
HCT374 
Octal D-Type Flip-Flop. 3-State 
LS374 
LS 
20 


HC151 
8-Channel Digital Multiplexer 
LS151 
*4512 
LS 
16 
HC153 
Dual 4-Channel Digital Multiplexer 
LS153 
4539 
LS/CMOS 
16 
HC157 
Quad 2-lnput Data Sel~ctor/Multiplexer 
LS157 
*4519 
LS 
16 
HC158 
Quad 2-lnput Data Selector/Multiplexer. 
LS158 
LS 
16 
Inverting Output 
HC251 
8-lnput Multiplexer. 
3-State 
LS251 
*4512 
LS 
16 
HC253 
Dual 4-lnput 
Multiplexer. 
3-State 
LS253 
*4539 
LS/CMOS 
16 
HC257 
Quad 2-lnput Data Selector/Multiplexer, 
LS257 
*4519 
LS 
16 
3-State 


HC298 
Quad 2-lnput Multiplexer with Storage 
LS298 
LS 
16 
HC354 
8-lnput Multiplexer. 
3-State 
LS354 
*4512 
LS 
20 
HC356 
8-lnput Multiplexer, 
3-State 
LS356 
*4512 
LS 
20 
HC4016 
Quad Analog Switch 
4016 
CMOS 
14 
HC4051 
8-Channel Analog 
4051 
CMOS 
16 
Multiplexer /Dem ultiplexer 
HC4052 
8-Channel Analog 
4052 
CMOS 
16 
Multiplexer/Demultiplexer 
HC4053 
8-Channel Analog 
4053 
CMOS 
16 
Multiplexer /Dem ultiplexer 
HC4066 
Quad Analog Switch 
4066 
CMOS 
14 


Functional 
High-Speed 
Functional 
Equivalent 
Direct 
Pin 
Number 
of 
Device 
Function 
Equivalent 
CMOS Device 
Compatibility 
Pins 
Number 
LSTTL Device 
MC1XXXX 
or 
MC74/MC54 
74/54 
CDXXXX 


*HC4316 
Quad Analog Switch 
*4016 
16 
with Level Translator 
*HC4351 
Quad Analog Multiplexer/Demultiplexer 
* 4051 
18 
with Latched Select Inputs 
*HC4352 
Dual 4-Channel Analog 
*4052 
18 
Multiplexer /Dem ultiplexe r 
with Latched Select Inputs 
*HC4353 
Triple 2-Channel Analog 
*4053 
18 
Multiplexer/Demultiplexer 
with Latched Select Inputs 


a 


Motorola is introducing 
a range of 3J.! High-Density CMOS Gate Arrays, with gate 
counts from 600 to 6000 
gates. 4 parts will be introduced in 1983 and 2 more in 
1984. 
Key features of the range are: 


• 
System speed similar to LSTTL 
• 
Low power consumption 
• 
Option of CMOS or LSTTL compatible inputs 
• 
Output drive capability of 10 LSTTL loads 
• 
Simple design procedure 


Design of the gate arrays is a very simple procedure, using the Motorola CAD system. 
This system has all of the design aids necessary for the designer to simulate his design, 
automatically 
place and route the circuit, complete an accurate timing analysis and 
prepare a test program for testing the finished product. 


The CAD system is an improved version of the system which has been successfully 
used for several years for the design of Motorola ECL and TTL Macrocell Arrays. The 
same design system can be used for all three technologies. The designer needs no 
knowledge of I.C. design or computer programming to design a Motorola Gate Array. 


The designer works in his own office using a simple printing terminal with Modem or 
acoustic coupler, and connects to the Motorola 
computer by dialling the nearest 
Motorola Sales Office. From here, connection to the Motorola computer in Phoenix, 
Arizona, is over the Motorola worldwide communications network. 


Using a comprehensive library of SSI and MSI functions, the designer describes his cir- 
cuit as a list of functions and interconnections which then becomes the input to the 
CAD system. 


Future plans include the addition of analog and memory functions, 
and using a 2J.! 
HCMOS process which will increase speed. 


For further information on the Motorola range of CMOS, TTL and ECL Arrays, contact 
your nearest Motorola Sales Office. 


B-Series Family Data 


II 


The CMOS Devices in this volume which have a B or 
UB suffix 
meet the minimum 
values for 
the industry· 
standardized" 
family 
specification. 
These standardized 


values are shown in the Maximum Ratings and Electrical 
Characteristics Tables. In addition to a standard minimum 
specification for characteristics the B/UB devices feature; 


• 
3-18 volt operetion. 
Iimits 
• 
C.PlIble 
of 
driving 
two 
low·power 
TT L loeds, one 
low·power Schottky 
TTL loed, or two HTL lo~s 
o•• r 
the reted tempereture renge 
• 
Meximum 
input 
current 
of 
±1 IlA 
et 15 volt power 
supply over the tempereture renge 
• 
Peremeters specified et 5.0, 
10, end 15 volt supply 
• 
Noise mergins of 1.0 V min @ 5.0 V supply 
2.0 V min @ 10 V supply 
2.5 V min@ 15 V supply 
The 
industry·standardized 
maximum 
ratings 
and 


recommended operating range are shown at the bottom of 
this page. Limits for the static characteristics are shown in 
two formats; Table 1 is in the industry format and Table 
2 is in the equivalent 
Motorola 
format. 
The Motorola 
format 
is used throughout 
this data book. Additional 
specification 
values are shown 
on the 
individual 
data 
sheets. 
Switching 
characteristics 
for the Band 
UB series 
devices 
are specified 
under the following 
conditions; 


Load Capacitance, 
CL, of 50 pF 
Load Resistance, 
RL' of 200 
K n 
Input pulse voltage equal to + VDD supply voltage 
Input pulse rise and fall times of 20 ns 
Propagation 
Delay 
times 
measured 
from 
50% 


point 
of 
input 
voltage 
to 
50% 
point 
of 
output 
voltage 
Three different 
supply voltages; 
5, 10, and 15 V 


Exceptions to the Bend UB Series Femily Spec:ificetion 
There are a number of devices which have a B or UB 
suffix 
whose input 
andlor outputs vary somewhat from 
the 
family 
specification 
because of functional 
require· 


ments. Some categories of notable exceptions are; 


Devices with 
specialized outputs 
on the chip, such 
as NPN emitter·follower 
drivers or transmission gates, 
do not meet output specifications. 
Devices with 
specialized 
inputs, 
such as oscillator 


inputs, have unique input specifications. 


Input Voltage 
The input voltage specification 
is interpreted 
as the 
worst-case 
input voltage to produce an output 
level of 


"1" 
or "0". 
The "1" 
or"O" 
output 
level is defined as 


a deviation 
from the supply 
(VDD) and ground 
IVSS) 


levels. For a 5.0 V supply, this deviation 
is 0.5 V; for a 
10 V supply, 
1.0 V; and for 15 V, 1.5 V. As an exam- 


ple, in a device operating 
at a 5.0 V supply, the device 
with 
the 
input 
starting 
at 
ground 
is guaranteed 
to 
switch 
on or before 
3.5 
V and not to switch 
up to 
1.5 
V. Switching 
and not 
switching 
are defined 
as 
within 
0.5 
V of the ideal output 
level for the example 
with 
a 5.0 V supply. The actual switching 
level refer- 


red to the input is between 
1.5 V and 3.5 
V. 


Noise Mergin 
The 
values for 
input 
voltage and the given defined 
output deviation lead to minimum noise margins of 1.0 V, 
2.0 V, and 2.5 V for a 5.0 V, 10 V, and 15 V supply, 


respectively. 


Output Drive Current 
Devices in the B Series are capable of sinking a mini· 
mum of 0.36 mA over the temperature range with a 5.0 I{ 
supply. This value guarantees that 
these CMOS devices 
will drive one Schottky 
low·power TTL input. 


B Series vs UB CMOS 
The primary difference between B seriesana UB series 
devices is that UB series gates and inverters are construct· 
ed with a single inverting stage between input and output. 
The decreasedgain caused by using a single stageresults in 
less noise immunity 
and a transfer 
characteristic 
that 
is lessideal. 


The decreased gain is quite useful when CMOS Gates 
and inverters are used in a "Linear" 
mode to form oscil· 
lators, 
monostables 
or 
amplifiers. 
The 
decreased gain 
results 
in 
increased stability 
and 
a "cleaner" 
output 
waveform. 
In addition 
to linear operation, 
the UB gates 
and inverters offer an increase in speed since only a single 
stage is involved. 


The B series, UB CMOS, and devices with no suffix can 
be used interchangeably in digital circuits that interface 
to other CMOS devices. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
voo 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
·55 to +' 25 
°c 
CLlCP 
DeVIce 
·40 to +85 


Storage 
Temperature 
Range 
Tug 
-65 to +150 
°c 


RECOMMENDED OPERATING 
RANGE 
IDC Supp1vVol,_ 


LIMITS 
TEMP 
VDD 
CONDITIONS 
TU)W' 
+ 2&oC 
THIGH' 
UNITS 
PARAMETER 
RANGE 
(V., 
Mln 
Mox 
Min 
Mox 
Mln 
Mox 


Quiescent 


100 
Device Current 
5 
0.25 
0.25 
7.5 
Mil 
10 
Vln - VSS or VOO 
0.5 
0.5 
16 
,.Adc 
15 
1.0 
1.0 
30 
GATES 
5 
All y.lid 
input 
1.0 
1.0 
7.6 
Comm 
10 
combin.tion. 
2.0 
2.0 
15 
,.Adc 
15 
4.0 
4.0 
30 
5 
1.0 
1.0 
30 
Mil 
10 
VIN - VSS or VOO 
2.0 
2.0 
60 
,.Adc 
15 
4.0 
4.0 
120 
BUFFERS. 
5 
All •• lId input 
4 
4.0 
30 
FLIP·FLOPS Comm 
10 
combinations 
B 
B.O 
60 
,.Ade 
15 
16 
16.0 
120 


5 
5 
6 
160 
Mil 
10 
VIN - VSS or VOO 
10 
10 
300 
,.Adc 
16 
20 
20 
600 
MSI 
5 
All •• lid Input 
20 
20 
160 
Comm 
10 
combination. 
40 
40 
300 
,.Adc 
16 
60 
BO 
600 


VOL 
Low·LlveI 
5 
0.06 
0.06 
0.06 
Output Voltllll 
All 
10 
VIN - VSS orVOO 
0.06 
0.06 
0.06 
Vdc 
16 
1101< l,.A 
0.05 
0.06 
0.06 


VOH 
High·LIVII 
6 
4.96 
4.96 
4.96 
Output Volt. 
All 
10 
VIN - VSS or VOO 
9.96 
9.96 
9.96 
Vdc 
16 
1101< l,.A 
14.96 
14.96 
14.96 
VIL 
Input 
6 
Vo - 0.5V or 4.5V 
1.6 
1.6 
1.6 
Low VoltllJll; 
All 
10 
Vo - 1.0V or 9.0V 
3.0 
3.0 
3.0 
Vdc 
BTypes 
16 
Vo - 1.6V or 13.6V 
4.0 
4.0 
4.0 
"01< 
l,.A 
VIL 
Input 
5 
VO· 0.6V or 4.5V 
1.0 
1.0 
1.0 
Low Vol_I; 
All 
10 
Vo - 1.0V or 9.0V 
2.0 
2.0 
2.0 
Vdc 
UBTyPII 
16 
Vo - 1.5Vor 13.6V 
2.5 
2.5 
2.6 


"01< 
l,.A 
VIH 
Input 
5 
Vo • 0.6V or 4.5V 
3.6 
3.6 
3.6 
High Volt. 
I; 
All 
10 
Vo - 1.0V or 9.0V 
7.0 
7.0 
7.0 
Vdc 
6 Typo. 
16 
VO· 
1.6V or 13.6V 
11.0 
11.0 
11.0 
IInl< 
l,.A 
VIH 
Input 
5 
Vo - 0.5V or 4.6V 
4.0 
4.0 
4.0 
High Volt. 
I; 
All 
10 
Vo - 1.0V or 9.0V 
8.0 
8.0 
8.0 
Vdc 
U8 TyPfl 
15 
Vo - 1.6V or 13.6V 
12.6 
12.6 
12.6 
1101< l,.A 


10L 
Output Low 
Vo -0.4V. 


(Sink' Currlnt 
6 
VIN-Oor6V 
0.64 
0.61 
0.36 
Vo - 0.6V. 


Mil 
10 
VIN-Oorl0V 
1.6 
1.3 
0.9 
mAde 
Vo - 1.6V. 
16 
VIN-Oor16V 
4.2 
3.4 
2.4 
Vo - 0.4V. 


6 
VIN-Oor6V 
0.52 
0.44 
0.36 
Vo - 0.6V, 
Com 
10 
VIN - Oor 10V 
1.3 
1.1 
0.9 
mAde 
VO-l.6V, 
16 
VIN-Oor16V 
3.8 
3.0 
2.4 


II 


LIMITS 
TEMP 
Voo 
CONDITIONS 
+2s"C 
THIGH· 
UNITS 
PARAMETER 
TLOW· 
RANGE 
(Yd.) 
Min 
Max 
Min 
Max 
Min 
Max 


IOH 
Output High 
Vo = 4.6Y. 


(Source) Current 
5 
VIN-Oor5V 
-0.25 
-0.2 
-0.14 
Vo = 9.5Y. 


Mil 
10 
VIN-Oorl0V 
-0.62 
-0.5 
-0.35 
mAde 


- 
Vo = 13.5V. 


15 
VIN=00r15V 
-1.8 
-1.5 
-1.1 


Vo - 4.6V. 


5 
VIN=00r5V 
-0.2 
-0.16 
-0.12 
Vo - 9.5V. 


Com 
10 
VIN = 0 or 10V 
-0.5 
-0.4 
-0.3 
mAde 
Vo = 13.5V 
15 
VIN = Oor 15V 
-1.4 
-1.2 
-1.0 


IIN 
Input Current 
Mil 
15 
VIN=00r15V 
to.l 
to.l 
tl.0 
,uAdc 


Comm 
15 
VIN = Oor 15V 
to.3 
to.3 
t 1.0 
~Adc 


loz 
3·5t8te Output 
Mil 
15 
VIN=00r15V 
to.4 
to.4 
t 12 
IJAdc 
Leakage Current 
Comm 
15 
VIN-Oor15V 
! 1.6 
t1.6 
!12 
IJAdc 


CIN 
Input Capacitance 
All 
- 
Any 
Input 
7.5 
pF 
per unit load 


-T LOW'" 
-5SoC 
for Military 
temperature 
range device, -40°C 
for Commercial temperature 
range device. 
THIGH'" 
+12SoC for Military 
temperature 
fange device, +8SoC for Commerciel 
temperature 
range device . 
•tApplies 
for Worst Case input 
combinations. 


Tlow· 
250C 
Thigh- 
Ch.rKt.ristic 
Symbol 
YOO 
Unit 
Vdc 
Min 
Max 
Min 
Max 
Min 
Max 
Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0.05 
- 
0.05 
Vdc 


Vi" 
'" VOO 
or 0 
10 
- 
0.05 
- 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0.05 
- 
0.05 
"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
- 
4.95 
- 
Vdc 
Vin '" 0 or VOO 
10 
9.95 
- 
9.95 
.. 
9.95 
- 


15 
14.95 
- 
14.95 
- 
14.95 
Input Voltage # B Types 
"0" 
Level 
VIL 
Vdc 


(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
1.5 
- 
1.5 
(VO = 9.0 0' 1.0 Vdc) 
10 
- 
3.0 
- 
3.0 
- 
3.0 


(VO = 13.50' 
1.5Vdcl 
15 
- 
4.0 
- 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 
(VO • 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
- 
3.5 
.. 


(VO 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
- 
7.0 
- 


(Vo = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
- 
11.0 
.- 


Input Voltage # US Types 
"0" 
Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.0 
- 
1.0 
- 
1.0 
(VO = 9.0 or 1.0 Vdc) 
10 
- 
2.0 
- 
2.0 
- 
2.0 
(VO = 13.5 or 1.5 Vdc) 
15 
- 
2.5 
- 
2.5 
- 
2.5 
"1" 
Level 
VIH 
Vdc 
I 


(VO = 0.5 or 4.5 Vdc) 
5.0 
4.0 
- 
4.0 
- 
4.0 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
8.0 
- 
8.0 
- 
8.0 
- 


(VO: 
1.50,13.5 
Vdc) 
15 
12.5 
- 
12.5 
- 
12.5 
- 


Tlow. 
25°C 
Thigh· 


Characteristic 
Symbol 
VOO 
Unit 
Vde 
Mln 
Max 
Mln 
Max 
Min 
Max 


Output 
Drive Current 
tAL) 
B Gates 
IOH 
mAde 


(VOH - 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
- 
-0.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 
(VOH ~ 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 


(VOH - 13.5 Vdel 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
- 
0.9 
- 
(VOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
ICL/CPl 
B Gete, 
IOH 
mAde 


(VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
- 
-0.12 
- 
(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 


(VOH "13.5 
Vdcl 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL - 0.4 Vdel 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.3 
- 
1.1 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Output 
Drive Current 
(AU 
UB Gates 
IOH 
mAde 
(VOH' 
2.5 Vdel 
Source 
5.0 
-1.2 
- 
-1.0 
- 
-0.7 
- 
(VOH ~ 4.6 Vdel 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 


(VOH - 13.5 Vdel 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vde) 
10 
1.6 
- 
1.3 
- 
0.9 
- 
(VOL ~ 1.5 Vdcl 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP) 
UB Gates 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
- 
-0.6 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 
(VOH • 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
mAde 


,(VOL = 0.5 vdcl 
10 
1.3 
- 
1.1 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Output 
Drive Current 
(AU 
Other Devices 
IOH 
mAde 


1VOH '4.6 
Vde! 
Source 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 
(VOH • 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 
(VOH • 13.5 Vdel 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL - 0.4 Vdcl 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
- 
2.4- 
- 


Output 
Drive Current 
(CLlCP) 
Other Devices 
'OH 
mAdc 
(VOH = 4.6 Vdcl 
Source 
5.0 
-0.2 
- 
-0.12 
- 
-0.12 
- 
(VOH ~ 9.5 Vdel 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 


(VOH - 13.5 Vde) 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdel 
10 
1.3 
- 
1.1 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
- 
2.4 
- 
Input Current 
(AL Device) 
lin 
15 
- 
to.l 
- 
to.l 
- 
t 1.0 
"Ade 


Input Current 
(CLlCP 
Device) 
lin 
15 
to.3 
- 
±O.3 
- 
.1.0 
"Adc 
Input Capacitance 
C;n 
- 
- 
- 
- 
7.5 
- 
- 
pF 


(Vin =01 


Gate Quiescent Current 
(AL oevicel 
100 
5.0 
0.25 
0.25 
7.5 
"Adc 
(Per Package) 
10 
- 
0.5 
- 
0.5 
- 
15 
15 
- 
1.0 
- 
1.0 
- 
30 


(CL/CP oevicel 
'DO 
5.0 
1.0 
- 
1.0 
- 
7.5 
"Ade 
10 
- 
2.0 
- 
2.0 
- 
15 
15 
- 
4.0 
- 
4.0 
- 
30 


II 


II 


Tlow. 
25uC 
Thigh- 


Characteristic 
Symbol 
VOO 
Unit 


Vdc 
Min 
Max 
Min 
Max 
Min 
Max 


Flip-Flop 
and Buffer 
QUiescent 
Current 
'DO 
5.0 
- 
1.0 
- 
1.0 
- 
30 
joIAdc 


IPer Pee kage I 
IAL 
OOlliee) 
10 
- 
2.0 
- 
2.0 
- 
60 
15 
- 
4.0 
- 
4.0 
- 
120 


IC L/CP 
OOlliee) 
100 
5.0 
- 
4.0 
- 
4.0 
- 
30 
joIAdc 


10 
- 
8.0 
- 
8.0 
- 
60 
15 
- 
16 
- 
16 
- 
120 


MSI 
Quiescent 
Current 
(AL Devicel 
'00 
5.0 
- 
5.0 
- 
5.0 
- 
150 
joIAdc 


(Per 
Package) 
10 
- 
10 
- 
10 
- 
300 
15 
- 
20 
- 
20 
- 
600 


ICL/CP 
OOllieel 
'00 
5.0 
- 
20 
- 
20 
- 
150 
joIAde 
10 
- 
40 
- 
40 
- 
300 
15 
- 
80 
- 
80 
- 
600 


LSI Quiescent 
Current 
100 
See Individual 
Data Sheets. 


• T1ow::ll: -55°C 
for AL Device, 
-40°C 
for CLlCP 
Device. 
Thigh:le +12SoC for AL Device, +8SoC for CLlCP 
Device. 
#Noise 
immunity 
specified for worst-.ease input combination. 


Noise Margin for both "'" 
and "0" 
level:: 
1.0 Vdc min @Voa:: 
5.u Vdc 


2.0 
Vdc 
m.n@ 
VOO 
= 10 Vdc 
2.5 Vdc 
min@ 
VOO 
= 15 Vdc 


II 


II 


® MOTOROLA 


The MC14000UB dual 3-input 
NOR gate plus inverter is con- 
structed 
with 
MaS P-channel and N-channel enhancement mode 
devices in a single monolithic 
structure. Thesecomplementary MaS 


logic gates find 
primary 
use where low power dissipation and/or 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - Positive or Negative 


• 
High Fanout 
> 50 


• 
Input Impedance = 1012 ohms typical 


• 
Logic Swing Independent of Fanout 


• 
Pin-for-Pin Replacement for CD4000lJB 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-05to+18 
Vdc 


Inpl)t 
Voltage, 
All 
Inputs 
V,n 
-05toVoO 
-OS 
Vdc 


DC Current 
Drain 
per 
P,n 
I 
10 
mAde 


Operating 
Temperature 
Range 
A L DeVIce 
TA 
-55 to + 125 
°c 


CLlCP 
Oe\l,ce 
-40 to +85 


Storage 
Temperature 
Range 
TS19 
-65 to + 150 
°c 


DUAL 3-INPUT "NOR" 
GATE 
PLUS INVERTER 


L SUFF IX 


CE RAMie 
PACK AGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


"""",C"1T::':'" ,..':~::.- 
P 
Plastic 
Package 


A 
extended 
Operating 
-'mperatur. 
Range 
C 
Limited 
Operating 
Temperatur. 
Renge 


"~ 
12 
10 


13 


3 


PIN ASSIGNMENT 


4 


14 


2 
13 


3 
12 


4 
11 
5 
10 


6 
9 


'0 
7 
8 


NC 
~ 
NO CONNECTION 


3-2 


Voo 
T1ow• 
25°C 
Th'ah" 


CharKt.,.stlc 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
50 
- 
005 
0 
0.05 
- 
005 
Vdc 


V,n 
VOO or 0 
10 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
005 
- 
0.05 


"1" 
Level 
VOH 
50 
4.95 
495 
5.0 
- 
4.95 
- 
Vdc 


V,n 
Oor VOO 
10 
9.95 
- 
995 
10 
995 
.- 


15 
1495 
14.95 
15 
14.95 
- 


Input 
Voltage" 
"0" 
Level 
V'L 
Vdc 
{VO • 4.5 Vdc) 
50 
1.0 
2.25 
1.0 
- 
1.0 


1VO • 9.0 Vdc) 
10 
2.0 
4.50 
2.0 
- 
2.0 


1VO· 
13.5 Vdc) 
15 
2.5 
6 i5 
2.5 
- 
2.5 


·'1" 
Lf-vel 
V'H 


(VO • 0.5 Vdc) 
50 
4.0 
4.0 
275 
4.0 
- 
Vdc 
(VO' 
1.0 Vdc) 
10 
8.0 
8.0 
550 
- 
8.0 
- 


1VO • 1.5 Vdcl 
15 
12.5 
12.5 
S 25 
- 
12.5 
- 


Output 
Drive C•..•rrenl 
IAL Oevlcel 
'OH 
mAde 


{VOH 
2.5 Vdcl 
Source 
50 
-1.2 
-1.0 
-1.7 
·0.7 
_. 


{VOH 
4.6 Vdc' 
50 
-0.25 
-0.2 
-0.36 
-. 
-0.14 
- 


(VOH 
95 Vdcl 
10 
-062 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
. 13.5 VdcJ 
15 
-1.8 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL 
"'"04 
Vdc1 
Sink 
'OL 
50 
0.64 
- 
051 
088 
- 
0.36 
- 
mAde 


IVOL " 0.5 VdcJ 
10 
1.6 
1 3 
225 
.- 
OS 


(VOL 
15 Vdcl 
15 
42 
- 
34 
88 
- 
24 
- 


Output 
Olive Current 
ICL.'CP 
DeVice) 
'OH 
mAde 


IVOH 
25 Vdcl 
Source 
50 
-10 
-0.8 
-1.7 
-0.6 
- 


IVOH' 
46 VdcJ 
50 
-0.2 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH 
~ 9.!)Vdcl 
10 
-0.5 
-0.4 
-0.9 
- 
-0.3 


IVOH • 13.5 Vdcl 
15 
-1.4 
-1.2 
-3.5 
- 
-1.0 
- 


{VOL 
0.4 Vdcl 
SInk 
10L 
5.0 
0.52 
044 
088 
0.36 
mAde 
iVOL 
= 0.5 Vdcl 
10 
1 3 
11 
225 
09 
- 


{VOL' 
1 5 VdcJ 
15 
36 
30 
88 
24 


Inpul 
Current 
lAL Devlcel 
I,n 
15 
·01 
,000001 
-01 
• 1 0 
".Adc 


Inpul 
Current 
ICLiCP 
Devlcel 
I,n 
15 
'03 
'000001 
'03 
- 1 0 
""Adc 


InlJut 
CapacII3nce 
Con 
- 
- 
50 
7.5 
pF 


:V,n'" 
Q} 


QUiescent 
CUllenl 
{AL 
DeVice! 
100 
50 
0.25 
0.0005 
0.25 
75 
""Ade 


(PPI 
Pad,agel 
10 
050 
0.0010 
0.50 
150 
15 
1.00 
0.0015 
1.00 
300 


OUlp.~cenl 
CUffent 
lCI.'CP 
De,."lce) 
'DO 
50 
1.0 
00005 
1.0 
7.5 
J,JAdc 


IPel 
P,Jckaqe) 
10 
20 
0.001.0 
2.0 
15.0 
15 
40 
0.0015 
4.0 
300 


Total Supplv 
CUrlent·· 
t 
IT 
50 
IT = 10.3 "A/kHz, 
f + IODIN 
jJAdl. 
(Dvnamlc 
plus OUiescent, 
10 
IT = 10.6 "A/kHz) 
f + IODIN 
Per Gate.CL 
:: 5QpF) 
15 
IT 
0 (0.8 "A/kHzl 
f + IODIN 


-Tlow'" 
'SSoC for AL 
Device, -400C for CL/CP Device. 


Thigh ~ 
of 125°C for AL Device, ~850C tor CL/CP O• ."ic•. 


#Noise immunitY 
specified 
for worst case input 
combmatlon. 


NolS. Margin for both 
"1 "and 
"0" 
1.10'1:11 "'- 


0.5 Vdc mln (QlVon 
= 5.0 Vdc 
1.0 Vdc mm 
@ VOD:: 
10 Vdc 


1.0 Vdc min@ 
Von'" 
15 Vdc 


where. 
IT IS in ~A (por package), CL In pF, VOO In Vdc. 
f in kHl 


i", input 
frequency 
and N IS number of gates per pad. age. 


• -The 
formulas 
given are for 
the typical 
characteristics 
only 
at 
25°C 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 


however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than max- 
imum rated voltages to this high impedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS ~ (Vin or Vout) ~ VOO' 


Unused inputs must always 
be tied to an appropriate 
logic voltage 
level (e.g. either VSS or VOO)' 


II 


II 


-- 
VOO 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Mox 
Unit 


Output Rise Time 
tTLH 
ns 
tTLH' 
(3.0 ns/pF) 
CL + 30 ns 
5.0 
- 
180 
360 
tTLH 
= 11.5 ns/pF) 
CL + 15 ns 
. 10 
- 
90 
180 
tTLH 
= 11.1 ns/pF) 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
I 
tTHL 
ns 
tTHL 
= 0.5 
ns/pF I CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
10.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 
tTHL' 
10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


ProPagation 
Delay Time 
tPLH, 
ns 
tPLH, 
tpHL· 
11.7 ns/pFI 
CL + 30 ns 
tpHL 
5.0 
- 
115 
230 
tpLH,'PHL' 
10.66 ns/pF) 
CL + 22 ns 
10 
- 
55 
110 
tpLH 
tpHL 
= (0.50 ns/pFI 
CL + 15 ns 
15 
- 
40 
80 


20 ns 


VOO 
VOO 
Input 


VSS 


Output 


VOH 


Output 


VOL 


tTHL 
tTLH 


2: 
12 
.. 
> 


C> 


.§. 


~ 


10 
~ 
~ 
~ 
~ 
~ 
a 
> 
80 
8.0 ~ 
~ 
=> 
> 


=> 
'-' 
=> 
"" 
z 
~ 60 
6.0 ~ 
~ 
=> 
~ 
0 
0 
a 
4.0 
4.0 
.,; 
} 
> 


20 
2.0 


0 
16 


FIGURE 
3 - 
TYPICAL 
VOLTAGE 
TRANSFER 
CHARACTERISTICS 
.e.sus 
TEMPERATURE 
16 
-_. 


~ 


~ 1!;l Vdc 
Unused ,npUlS 


~ 


cnnnectedto 


VSS 


I 


10 Vdc 
a 
JA: 
)250C 
~ 


b 
TA: 
·550C 
. b 
. b 


~VdC 
---+ 
-- ._- 
_. 
~ 
f-- 


• 
b 
'- 
'-- 
o 
o 
2.0 
40 
6.0 
8.0 
10 
11 
14 
16 


Vin.INPUT 
VOL TAGE (Vdc) 


® MOTOROI.A 


The B Series logic gates are constructed with P and N channel en· 
hancement mode devices in a single monol ithic structure (Comple· 
mentary MaS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin 
Replacements for Corresponding CD4000 Series B 


Suffix Devices 


MC14XXXBl 


SU';fOX 


_ 


CeramIc 
Package 
Plastic 
Package 
A 
Extended 
Operating 


14 
Temperature 
Range 
1 
C 
Limited 
Operating 
Temperatufe 
Range••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


Rating 
I 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VDD 
+05 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tsta 
-65 to +150 
°c 


This 
device 
contain. 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 


static 
voltage. 
or electric 
fields; 
however, 
it i.advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 
higher than maximum 
rated voltages to 
this high impedanca 
circuit. 
For proper operation 
it is recommended 
that 
Vin and 
Vout 
be constrained 
to the range VSS" 
(Vin 
or Voutl 
<: VOO· 


Unused 
inputs 
must 
always 
be tied 
to 
an appropriate 
logic voltage 
level 
(e.g., 


either 
VSS or VOO. 


MC14001B 
Quad 2·lnput NOR Gate 


MC14002B 
Dual 4·lnput Nor Gate 


MC14011B 
Quad 2·lnput NAND Gate 


MC14012B 
Dual 4·lnput NAND Gate 


MC14023B 
Triple a·lnput NAND Gate 


MC14025B 
Triple a·lnput NOR Gate 


MC14068B 
a·lnput NAND Gate 


MC14071B 
Quad 2·lnput OR Gate 


MC14072B 
Dual 4·lnput OR Gate 


MC14073B 
Triple a·lnput AND Gate 


MC14075B 
Triple a·lnput OR Gate 


MC14078B 
a·lnput NOR Gate 


MC14081B 
Quad 2·lnput AND Gate 


MC14082B 
Dual 4·lnput AND Gate 


II 


B 


lOGIC 
DIAGRAMS 


NOR 
NANO 
OR 
ANO 


MC14001B 
MC14011B 
MCI4071B 
MC14081B 
Ouad 2·lnput NOR Gate 
Quad 2-lnput NAND Gate 
Quad 2-lnput OR Gate 
Quad 2-lnput 
AND Gate 
:=L>-3 
:D-3 
'=D- 
:=L)-3 
2 
3 
2 
:=L>-4 
:D-4 
5=D- 
:=L)-4 
I 
6 
4 
N 
P 
:=L>-'o 
:D-'o 
:=D-'o 
:=L)-'0 
u 
T 12=L>- 
12D- 
'2=L:>-- 
12=L)- 
11 
" 
" 
" 
13 
'3 
'3 
'3 


MC14025B 
MC14023B 
MC14075B 
MCI4073B 
Triple 3-lnput NOR Gate 
Triple 3·lnput NAND Gate 
Triple 3-lnput OR Gate 
Triple 3·lnput 
AND Gate 


3 :3=D-9 
:3=C>-9 
:3=[>-9 
:3=0-9 


I :3=D-6 
:3=C>-6 
:3=[>-6 
:3=0-6 
N 
p 
U 
T "3=D- 
"3=C>- 
"3=[>- 
"3=0- 
12 
10 
12 
10 
12 
10 
12 
10 


13 
'3 
. 
13 
13 


MC14002B 
MC14012B 
MCI4072B 
MC14OB2B 
Du.1 4·lnput 
NOR 
Gate 
Dual4-lnput 
NAND Gate 
Dual 4-lnput 
OR Gate 
Dual 4·lnput 
AND Gate 


4 
~~1 
~p-, 
~~, 
~p' 
I 
N 
P ,:~ 
,:~ 
':50- l:p 
U 
T 
13 
13 
13 
'3 
11 
'1 
" 
" 
12 
12 
12 
'2 


MCI4078B 
MCI4068B 
8-lnput NOR G,t. 
S·lnput 
NAND 
Gate 
VOO;o 
Pin 14 
j?-" jP-" 


VSS 
= Pin 
7 


8 
for 
All 
Devices 


I 
N 
P 
U 
10 
10 
T 
" 
" 
12 
t2 


MC14001B 
Cluad 2-lnput 
NOR Gate 
MC14002B 
Dual 4-lnput 
NOR Gate 
MC14011B 
Quad 2-lnput 
NAND Gate 
MC14012B 
Dual 4-lnput 
NAND Gate 


14 
14 
14 
14 


2 
13 
2 
13 
2 
13 
2 
13 


3 
12 
3 
12 
3 
12 
3 
12 


4 
11 
4 
11 
4 
11 
4 
11 


I; 
10 
5 
10 
5 
10 
I; 
10 


6 
9 
6 
9 
6 
9 
6 
9 


8 
8 
8 
7 
8 


MC14023B 
MC14025B 
MC14068B 
MC14071 
B IJ 
Triple 
3-lnput 
NAND Gate 
Triple 
3-lnput 
NOR Gate 
8-lnput 
NAND Gate 
Quad 2-lnput 
OR Gate 


14 
14 
14 
14 
13 
2 
13 
2 
13 
13 
3 
12 
3 
12 
3 
12 
3 
12 
4 
11 
4 
11 
4 
11 
4 
11 
10 
5 
10 
10 
5 
10 
6 
9 
6 
9 
6 
9 
6 
9 
8 
8 
8 
8 


MC14072B 
MC14073B 
MC14075B 
MC14078B 
Dual 4-lnput 
OR Gate 
Triple 3-lnput 
AND Gate 
Triple 3-lnput 
OR Gate 
8-lnput 
NOR Gate 


14 
14 
14 
14 


2 
13 
2 
13 
13 
2 
13 


12 
12 
3 
12 
3 
12 


4, 
11 
4 
11 
4 
11 
4 
11 


10 
10 
10 
5 
10 


9 
6 
9 
6 
9 
6 
9 


8 
8 
8 
8 


MC14081B 
MC14082B 
Quad 2-lnput 
AND Gate 
Dual 4-lnput 
AND Gate 


14 
14 


2 
13 
2 
13 


3 
12 
3 
12 


4 
11 
4 
11 


5 
10 
5 
10 


6 
9 
6 
9 


8 
8 
NC 
No Connection 


3-7 


II 


Voo 
Tlow . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vde 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Max 
Unit 


OUlPUI 
Vollaqe 
"0" 
Level 
VOL 
5.0 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


V,n 
Vao 
or 0 
10 
_. 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
- 
Vde 
V,n 
o or Vao 
10 
9.95 
- 
9.95 
10 
9.95 
-- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
V,L 
Vde 
(VO = 4.5 
or 0.5 
Vdc) 
5.0 
1.5 
2.25 
1.5 
- 
1.5 


(VO = 9.0 
or 1.0 Vdc) 
10 
30 
4.50 
3.0 
- 
3.0 


(VO = 
13.5 
or 1.5 Vdcl 
15 
4.0 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 
(VO = 0.5 
or 4.5 
Vdc) 
5.0 
3.5 
35 
275 
-- 
3.5 
- 
Vde 
(VO 
= 1.0 or 9.0 
Vdcl 
10 
7.0 
- 
70 
550 
- 
7.0 
- 
IVO 
= 
1.5 or 13.5 
Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
'OH 
mAde 


IVOH = 2.5 
Vdc} 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 
Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 
Vdcl 
10 
-16 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 
13.5 
Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL 
= 0.4 
Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 
Vdcl 
10 
16 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP Device) 
'OH 
mAde 


IVOH = 2.5 
Vdc) 
Source 
5.0 
--2.5 
- 
-2.1 
-4.2 
-1.7 
- 


IVOH = 4.6 
Vdc) 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH 
= 9.5 
Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 
13.5 
Vdcl 
15 
-3.6 
- 
-3.0 
--8.8 
-2.4 
- 


IVOL = 0.4 
Vdcl 
SInk 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 
Vdcl 
10 
1.3 
1.1 
2.25 
- 
0.9 
- 


(Vnl 
= 
1.5 Vdcl 
15 
3'.6 
3.0 
8.8 
2.4 


Input 
CUffent 
IAL 
DeVice) 
'in 
15 
,01 
,000001 
-01 
- 
t 1.0 
/JAde 


Inpul 
Cunent 
ICLlCP 
DeVice) 
I,n 
15 
,03 
'0.00001 
, 0.3 
, 1.0 
IJAdc 


J nput 
Capacitance 
Crn 
- 
- 
5.0 
7.5 
OF 


(V,n=Ol 


QUiescent 
CUlfent 
tAL 
DeVice) 
100 
50 
0.25 
- 
0.0005 
0.25 
- 
7.5 
/JAde 


(Pf!1 P,lCkat"je) 
10 
0.50 
0.0010 
0.50 
15.0 
15 
1.00 
0.0015 
1.00 
30.0 


OUlescent 
CUI ,ent 
ICLlCP 
DeVice) 
'OD 
5.0 
1.0 
0.0005 
1.0 
- 
7.5 
.!JAde 
{Pel P,lck.-tqel 
10 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
4.0 
- 
0.0015 
4.0 
- 
30.0 


lOlal 
Supply CUlfenl,·t 
IT 
50 
'T = (0.3 ~AlkHz) 
f + IODIN 
JJAdc 


(DvnamlC plus QUiescent. 
10 
IT • (0.6 ~AlkHzl 
f + IODIN 
PerGate.CL·500FI 
15 
IT = 10.9 ~AlkHzl 
f + IODIN 


'TlaIN 
= -5SoC 
1o, AL DeVice, 
-40°C 
fOI CLlCP 
DeVIce 


Thlqh 
= .12SoC 
for 
AL 
DeVice. 
t8S0C 
for CLlCP 
DeVIce. 


;,Noise 
ImmuniTy 
speLdled 
fOl 
WOrst·case 
input 
combinatIon. 


Noise 
M.lfqin 
for 
both 
., 1" and 
"0" 
level'" 
1.0 Vdc 
min 
([i) VOO 
= 5.0 
Vdc 


20 
Vdc 
min 
@ VOO 
= 10 Vdc 


2.5 
Vdc 
min 
@ VOO 
.•• 15 Vdc 


'To 
calculate 
tot a' supply 
current 
at loads 
other 
than 
50 pF 


'T(CL) 
• 
'T150 
pFI 
.• N )( 10-3" (CL -50) 
VOOf 


where: 
IT 
is in IJ.A (per 
packagel, 
CL 
in pF, 
VOO 
in 
Vdc. 
f in 
kHz 
is input 
frequency 
and 
N 
is number 
of 
gates 
per 
package. 


·"T"'e 
formulas 
given 
are 
for 
t"'e 
typical 
c"'aracteristics 
only 
at 
2S°C. 


Voo 
Characteristic 
Svmbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output Rise Time, All a-Series Gates 
lTLH 
ns 
lTLH 
• 11.35 ns/pF) 
CL + 33 ns 
5.0 
- 
100 
200 
lTLH 
• 10.60 ns/pF I CL + 20 ns 
10 
- 
50 
100 
tTLH 
; 10.40 ns/pF I CL + 20 ns 
15 
- 
40 
SO 


Output Fall Time, All B-Series 
Gates 
lTHL 
ns 
lTHL; 
II 35 ns/pFI 
CL + 33 ns 
5.0 
- 
100 
200 


lTHL; 
10.60 ns/pF) 
CL + 20 ns 
10 
_. 
50 
100 
'THL; 
(0.40 
ns/pFI 
CL + 20 ns 
15 
- 
40 
SO 


Propagation 
Delav Time 
lPLH. 
lPHL 
ns 
MC14oo1S. 
MCI4011S 
only 
lpLH. 
lpHL 
= (0.90 
ns/pFI 
CL + SO ns 
5.0 
- 
125 
250 
lpLH. 
lPHL = (0.36 
nslpF) 
CL + 32 ns 
10 
- 
50 
100 
lPLH. 
lpHL • (0.26 ns/pF) 
CL + 27 ns 
15 
- 
40 
SO 


All Other 2, 3, and 4 Input Gates 
lpLH. 
lPHL 
= (0.90 
ns/pFI 
CL + 115 ns 
5.0 
- 
160 
300 
lpLH. 
lpHL = (0.36 
ns/pFI 
CL + 47 ns 
10 
- 
65 
130 
lpLH. 
lPHL = (0.~6 nslpF) 
CL + 37 ns 
15 
- 
50 
100 


S·lnpul 
Gates 
(MCI4068S. 
MCI407SS) 
lpLH. 
lpHL 
= 10.90 ns/pFI 
CL + 155 ns 
5.0 
- 
200 
350 
tPLH. 
lPHL = (0.36 
ns/pFI 
CL + 62 ns 
10 
- 
SO 
150 
lpLH. 
lPHL • (0.26 
nsipFI 
CL + 47 ns 
15 
- 
60 
110 


·AII 
unused inputs of AND. 
NAND 
gates must be 


connected to VOO. 
All 
unused inputs of OR, 
NOR 
gates must be 
connected 
to VSS. 


B 


II 


CMOS 
B·SERIES GATES 


MC14002B 
MC14072B 
One of Two 
Gates Shown 


MC14025B 
MC14075B 
One of Three 
Gates 
Shown 


~C14078B 
Ight Input 
Gate 


MC140238 
MC140738 
One of Three 
G.tesShown 


MCl4Q118 
MCl4081B 
One of Four 
Gates Shown 


MC140128 
MCl40828 
One of Two 
GetesShown 


MCl40688 
Eight Input 
Gete 


II 


5.0 


4.0 
;( 
-~ 
>- 
:;;! 
3.0 
"' 
0'0'~ 
" 
2.0 
~p 
1.0 


TA,-55"C 
fi 
-40'C 


/-V 


+85"C +25"C 
/// ~ 
•..•.. 
+12S"C 
~U 
~, 


TA' ··55·C 


./ 
-40'C 
£, .,.- 
+2S"C 


~ 


........- 


+8S-C 
U'[/ 
./ 
+125'C 


1// W 


~ 


V// 
~ 


20 


18 


16 
;(~ 
14 


....z 
12 
~~ 
10 
=> 
uz 
8.0 
~ 
0 
6.0 
P 
4.0 


2.0 


00 
1.0 
2.0. 
3.0 
4.0 
5.0 
6.0 
1.0 
8.0 
9.0 
10 


VOS.DRAINTO·SOURCEVOLTAGE(Vdel 
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-55'C 
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+II 'c 
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/,W 
~, 
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;(~ 
35 
.... 
~ 
30 
~ 
25 
z 
20 
~ 
15 
P 
10 


5.0 


2.0 
4.0 
6.0 
8.0 
10 
12 
14 
16 


VOS.ORAIN·TO·SOURCEVOLTAGE(Vde) 
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.•.85·C 
P 
./ ~ 
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~ ~ 
.p 
lpi' 


i-6.0 
a -s.c 
z 
~ -4.0 


~-30 


-20 
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TA' -55'C -= 


--- :::::--..- 
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+25<1C 
'l .-- 
I- 
+85'C 
~ 
/ 
~ 
'125 C 
~ 
~ 
~ 
~ 
•..••... 


" 
~ -35 
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~ 
-30 


B -25 


~ 
-20 
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- 
-10 


-5.0 
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-9.0 
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VOS.ORAIN·TO-SOURCEVOLTAGE(Vdcl 


-100 


-90 


-80 
!-10 


~ 
-60 
a-50 
z:-to 


0_ 
-30 
E 


TA' 
-55'C 
~ 
+25' -40"C 


.h ?:? 
l,.....--' 
+115' - 
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+1 ·C 
~ 
~ 
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-20 


-10 


00 
-2.0 
-4.0 
-6.0 
-8.0 
-10 
-12 
-14 
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VOS. ORAIN·TO-liOURCEVOLTAGE(Vde) 


i~~ 
'".• 
5.0 
':;c> 
4.0 
•... 
ie 
•... 


3.0 
::>c 
g 
2.0 
> 


1.0 


Singl.lnput 
NAND, AND 
Multipl.lnpul 
NOR, OR 
/ 
,- 
Singl. 
Input NOR. OR 
Multiple 
Input NAND, AND 
/ 
/ 


I 
I 
I 


Single Input NAND, 
AND 


. Multip •• lnputNOR,OA-- 
.....r. 
.11 


1/ 
Si~" ,"".! NOR. O~ 
MU/lnput 
NAND. AND - 


/' 


i~ 
12 
~ 
~ 
10 
':;c> 
1.0 
~ 
~ 
6.0 
cj 
4.0 


i~ 


; 
10 
c> 
8.0 
•... 
ie 
~ 
6.0 
cJ 4.0 


2.0 


Sing" Input NAND, AND 
Multipltlnput 
NOR, OR 
V 


",,- 
Single Input NOR, OR 
Multipl. 
Input NAND, AND 
V 


The de noise immunity 
is defined as the input 
voltage fange from an ideal "1" 
or "0" 
input level 
(assuming 
the 
previous 
CMOS 
driving 
state 
il 
unloaded 
which 
does not produce output 
It8te 
(combination) 
change(s), The typical 
and limit 
value. of the input 
ranges VNL and VNH for the 
output 
to stay within 
a range ~Vout 
from either 
VOO or VSS ar, 
given in the Electrical Char- 
acteristics 
tabl•. The definitions 
of VNL" VNH. 
and 6Vout 
are illustrated 
in Figure 11 for invert- 


ing and non-inverting 
functions. 


~~ 
MOTOROLA 


The US Series logic gates are constructed with P and N channel 


enhancement mode devices in a single monolithic 
structure (Com- 
plementary MOS). Their primary use is where low power dissipation 
and/or high noise immunity 
is desired. The US set of CMOS gates 
are inverting non-buffered functions. 
II 


• 
Quiescent Current = 0_5nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Linear and Oscillator Applications 


• 
Capable of Driving Two Low-power TTL Loads, 
One Low-power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacements for Corresponding CD4000 
Series US Suffix Devices 


• 
Formerly Listed without 
US Suffix 


LOGIC DIAGRAMS 


MCI4002UB 
MC14011UB 
MCI4001UB 
Quad 2·lnput NOR Gate 
Dual 4-lnput 
NOR 
Gate 
Quad 2·lnput NAND Gate 


'_==[>--:-3 
~~1 
~=L}-3 
2- 
:=L}-. 
5-:==::r=>-- • 
s- 
:=L}-'o 
8=L>- 
1:~13 
10 
9 
11 
12=L}- 
'2-:==::r=>-- 
11 
11 
12 
13 
13- 


MC14012UB 
MC14023UB 
MC14025UB 


Du.14·lnput 
NAND Gat. 
Tripi. 3·lnput 
NAND Gat. 
Triple 3·lnput NOR Gate 


2P- 
:3=L)-9 
:3=f>-9 
3 
1 
• 
5 
:3=L)-s 
:3=f>-s 
':P-'3 
"3=L)- 
"3=f>- 
1112 
12 
10 
12 
10 
13 
13 


VOO' 
Pin 14 
VSS' 
Pin 7 


for All Devices 


MC14001UB 
Quad 2-lnput NOR Gate 


MC14002UB 
Dual 4-lnput NOR Gate 


MC14011UB 
Quad 2-lnput NAND Gate 


MC14012UB 
Dual 4-lnput NAND Gate 


MC14023UB 
Triple 3-lnput NAND Gate 


MC14025UB 
Triple3-lnput NOR Gate 


..•,.• 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC1.XXXU8 
~SU~fi:.'::i:t::Ck.g. 
L P 
Plastic 
Package 


A 
Extended 
Operating 
Temper.ture 
Range 
e 
limited 
Operating 


Temper.ture 
Range 


This 
device contains circuitry 
to protect 
the inputs against damage due to 
high 
static 
voltages or electric 
fields; however. it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of any voltage higher than maxi· 


mum 
rated 
voltages to 
this high 
impedance 
circuit. For proper operation it is recommended 
that V in and Vout be constrained to the range 
VSS <; (Vin 0' Vout) 
<; VOO' 
Unused inputs must always be tied to an 
appropriate 
logic 
voltage 
level 
(e.g., 
either 
Vssor 
VOO). 


MC14001UB 
Quad 2-lnput 
NOR Gata 
MC14002UB 
Dual 4-lnput 
NOR Gate 
MC14011UB 
Quad 2-lnput 
NAND Gate 


14 
I 
14 
14 


2 
13 
2 
13 
2 
13 


3 
12 
3 
12 
3 
12 


4 
II 
4 
II 
4 
II 


Ii 
10 
5 
10 
5' 
10 


6 
9 
6 
9 
6 
9 


8 
7 
8 
8 


MC14012UB 
MC14023UB 
MC14025UB 
Dual 4-lnput 
NAND Gate 
Triple 
3-lnput 
NAND Gate 
Triple 
3-lnput 
NOR Gate 


14 
14 
1 
14 


2 
13 
13 
2 
13 


3 
12 
3 
12 
3 
12 


4 
11 
4 
11 
4 
11 


5 
10 
10 
5 
10 
6 
9 
6 
9 
6 
9 
8 
8 
8 


R.ting 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to -+'8 
Vdc 


Input 
Voltage, 
All 
Inputs 
Virl 
-05toVOO 
'C,5 
Vdc 


DC Current 
Drain 
per PIn 
I 
10 
mAde 


Operating 
Temperature 
Rangp. 
Al 
Device 
TA 
-55 to +125 
°c 
CL/CP 
DevIce 
-40 TO .85 


Storage 
Temperature 
Range 
T,'. 
-65 to 
i 150 
°c 


II 


Voo 
T10w . 
25°C 
Thi h- 


CharacteristIc 
Symbol 
Vdc 
Mtn 
Mo. 
Min 
Typ 
Mo. 
Min 
M•• 
Unit 


Output 
Voltage 
"0" U~\lel 
VOL 
5.0 
0.05 
- 
0 
0.05 
- 
005 
Vdc 


V1n 
- 
VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
495 
- 
Vdc 
V1n'" 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 


Input 
VoltageU 
"0" 
Level 
VIL 
Vdc 
(VO : 4.5 Vdc) 
50 
- 
1.0 
2.25 
1.0 
- 
1.0 


IVO : 9.0 Vdcl 
10 
2.0 
- 
4.50 
2.0 
- 
2.0 


(Va: 
13.5 Vdc) 
15 
2.5 
675 
2.5 
- 
2.5 


"1" 
Level 
VIH 


IVO : 0.5 Vdc) 
5.0 
4.0 
4.0 
2.75 
- 
4.0 
- 
Vdc 
IVO: 
1.0 Vdcl 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


(Va: 
1.5 Vdcl 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drave 
Current 
(AL 
DeVice) 
IOH 
mAde 
IVOH 
= 2.5 Vdcl 
Source 
50 
-1.2 
- 
-1.0 
-1.7 
-- 
-0.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
.. 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
036 
_. 
mAde 


(VOL = 05 
Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove 
Current 
(CLlCP 
DeVice) 
IOH 
mAde 
(VOH = 25 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
50 
052 
- 
0.44 
088 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
13 
- 
1.1 
2.25 
. 
0.9 
IVOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 


Input 
Current 
IAL DeVice) 
I,n 
15 
,01 
'000001 
,01 
• 1 0 
IJAdc 


Inpul Current 
ICLlCP 
DeVice) 
I,n 
15 
'03 
'000001 
'03 
'10 
JJAdc 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
of 


(Vin 
= 01 


QUiescent 
Current 
(AL 
DeVice) 
100 
50 
0.25 
0.0005 
025 
7.5 
JJAdc 


{Per 
Packagel 
10 
- 
0.50 
0.0010 
0.50 
15.0 
15 
100 
0.0015 
1.00 
30.0 


QUIescent Curtenl 
(CLlCP 
DeVice) 
100 
50 
- 
1.0 
- 
0.0005 
1.0 
7.5 
J,.lAdc 


(Per 
Package 
I 
10 
- 
2.0 
0.0010 
2.0 
- 
15.0 
15 
4.0 
0.0015 
4.0 
- 
30.0 


Total 
Supply 
CUffent·· 
t 
IT 
50 
IT = 10.3 ~A/kHzl 
f + IODIN 
/JAde 


fOyn;1fTllc 
plus 
QUieSCent, 
10 
IT = (0 6 ~A/kHzl 
f + IODIN 
Per Got •. CL = 50 pF) 
15 
IT: 
10.8 ~A/kHz) 
f + IODIN 


-llow" 
-5SoC for AL Oevice, _40°C for CLlCP Device. 


Thigh 
- + 12SoC for 
AL 
Device, +850C 
for CL!CP 
Device. 


#Noise 
immunity 
specified 
10r worst-case 
input 
combination. 


Noise Mergln 
10r both 
"1 "and 
"0" 
level "" 


O.S Vdc mln 
@ VDO 
- 5.0 Vdc 


1.0 Vdc min 
(il VOO'" 
10 Vdc 


1.0 Vdc mln 
(Jl VOO'" 
15 Vdc 


where: 
'T is in IJ,A (per packagel. 
CL in pF, VOO 
In Vdc, 
f In kHz 


is input 
frequen,y 
and N Is numLer 
of gates per petckage. 


• -The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 
2S0C. 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
'TLH 
ns 
'TLH 
• 13.0 nl/pF} CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
- 11.5 nl/pF) CL + 15 ns 
10 
- 
90 
180 
'TLH 
• (1.1 nl/pF) CL + 10 nl 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 
'THL 
- 11.5 nl/pF} CL + 25 nl 
5.0 
- 
100 
200 
tTHL· 
10.75 nl/pF} CL + 12.5 nl 
10 
- 
50 
100 
'THL 
- (0.55 nl/pF) CL + 9.5 n. 
15 
- 
40 
80 


Propagation 
Delay Time 
lPLH.tPHL 
ns 
tpLH. 
tpHL 
• 11.7 nslpF} CL + 30 ns 
5.0 
- 
90 
180 
tPLH. tPHL • 10.66 ns/pF) CL + 22 ns 
10 
- 
50 
100 
tPLH. tPHL - 10.50 ns/pFI CL + 15 ns 
15 
- 
40 
80 


Vss 


• All unuMd 
inputs of AND, 
NAND 
g_t•• must be 
connected to Voo. 
All unused inputs of OR, 
NOR 
get•• 
must be 
connected to "5S. 


II 


MC14011UB 
CIRCUIT 
SCHEMATIC 
MC14012UB 
CIRCUIT 
SCHEMATIC 
MC14023UB 
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CIRCUIT 
SCHEMATIC 
FIGURE 
2 - 
TYPICAL 
VOLTAGE 
AND 
FIGURE 
3 - 
TYPICAL 
VOLTAGE 


(113 of Device Shown) 
. 
TRANSFER 
CHARACTERISTICS 
•••••••• 
CURRENT 
TRANSFER 
CHARACTERISTICS 
TEMPERATURE 
"- ~.lSV* 
§ 
"~~'T] 


14VOO 
" 
.-.•.. 
voo·a..,* 
'~""l 
!,\" 
~lOj 
14 ---+- 
--P,_tMl. 


""~ 
~ " 


'i 
" 
YSS 
j 


IOV~ 
.' •.•L....!.,~ 
j 
~ " -t--+--+'- 
++-+-1 


~ 


II 
.! 
10~*' 
~I' 
'"o·UsoC 
2. C. 12 
'" 
',a.13 
J 
" '''''t'''', j 
~ "~i- 
'T 
••. """ 
'.0- 
'D 
' 
~ 
I, 
. 
!! 
10 a 
~ • .-l- +-:' 
i- 
L-1 -4 
.,. 
I 


~ 


i 
• 
b; 
I 
I 
I 
! 
e, eo 10 
is ;" 
.'it-t' ! 
60 
__ i-__ -.+--- 
-+ +--------+---f 


~ 


j 
".0 
'. , 
~>Vt!,~:. 
1#~i 
I 
I,ll. 
, 
!? 
J •.• 
..:.. 
I, 
~·-t--1 


'-' 
" 
ovt 
I.' 
• 


I 
, <"I- 
• 
lO- 
I --'tt~il 


7Vss 
• 
I.' ... ... •• 
II " " " 
Viot..lWUT VOLTAGE lV*1 
• 
lO .. 
50 
10 
II " " " 
V••••11iH'U1vOLTAGE 1"'*1 


FIGURE 
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® MOTOROLA 


The MCI4002B 
and MC14002UB 
are constructed 
with 
P and N 
channel enhancement mode devices in a single monolithic 
structure 
(Complementary 
MOS). Their 
primary 
use is where low power 
dissipation andlor 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typlpkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
(MC14002B only) 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14002B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacements for CD4002B and CD4002UB 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0510 
+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
·OSIOVOO·OS 
Vdc 


DC Current 
Dratn per Pin 
I 
10 
mAde 


Operating 
TempefCHure 
Range 
AL Device 
TA 
-55 to +125 
°c 
CL/CP 
DevIce 
-40 
to +85 


Stordge 
Temperature 
Range 
Tsto 
-65 to +150 
°c 


See the MC14001 B data sheet for complete characteristics of the 
B·Seriesdevice. 
See the MC14001 UB data sheet for complete characteristics for the 
UB device. 


MC14002B 
MC14002UB 


,_..• 


L SUFFIX 
P SUFFIX 
3 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
632 
CASE 
646 


OROERING 
INFjlRMATION 


MC14XX 
XJ"1r:',..:~::.~ 


or UB 
as 
P 
Plastic 
Package 


Applicable 
A ;:::;::::u~:~:~;: 


C 
Limited 
Operating 
Temperatur. 
Range 


~~1 


1~~ 
13 
11 
12 
. 


VOD'" 
Pin 14 


VSS 
- 
Pin 7 


ThiS aevice 
contains 
clrcuitrv 
to 
protect 
the inputs 
agamst 
damage 
due 


to high static 
voltages 
or electric 
fields, 
however, 
it is advised that nor· 


mill precautions 
be taken to avoid application 
of any voltage 
higher than 
ma,llllmum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 


range VSS ~ 
(Vin 
or Vout) 
~ 
VOO· 


Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level 


<e.g.. either 
VSS or VOO). 


® MOTOROLA 


The 
MC14006B 
shift 
register 
is comprised 
of four 
separate 
shift 
register 
sections 
sharing 
a common 
clock: 
two 
sections 
have 
four 
stages, 
and two 
sections 
have five stages with an output 
tap on both 
the 
fourth 
and fifth 
stages. 
This 
makes 
it possible 
to obtain 
a shift 
register 
of 4, 5, 8, 9, 10, 12, 13, 14, 16, 17, or 18 bits by appropri· 
ate selection 
of inputs 
and outputs. 
This part 
is particularly 
useful 
in 
serial shift registers 
and time delay circuits. 


• 
Output 
Transitions 
Occur 
on the 
Falling 
Edge of the Clock 
Pulse 


• 
Quiescent 
Current· 
5nA/package 
typical 
@ 5 Vdc 


• 
Fully Static 
Operation 


• 
8·MHz Shift 
Rate typical 


• 
Can be Cascaded 
to Provide 
Longer 
Shift 
Register 
Lengths 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low·power 
TTL 
Loads, One Low·power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper· 
ature 
Range 


• 
Pin·for·Pin 
Replacement 
for CD4006B 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
1 
'0 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +'25 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
T5t9 
-65 to +150 
°c 


J'Iff'III .• 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


." ••m 11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


On 
C 
On., 


0 ~ 
0 


1 "'- 


1 


X 
....r- 
an 


Voo 
= Pin 1'4 


VSS 
~ 
Pin 7 
NC 
= Pin 2 


LOGIC DIAGRAM 
lONE REGISTER 
STAGE) 
c 


lei 
1 
In40"' 


2 
Ie) 


Input to output 
II 
(A) 
A bidirectional 
low impedance 
when control 
input 
1 i, "low" 


end control 
input 
2 is "high". 


(B) 
An open 
cwcuit 
when control 
input 
1 is "hlgh".nd 
control 
input 2 Is "'ow". 


Voo 
Tlow. 
25°C 
Thi h- 
Ch.racteristic 
Symbol 
Vde 
Min 
Ma. 
Min 
Typ 
Mo. 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 
VlO 
~ Vao 
or '0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin'"'OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vde 
(VO e 4.5 or 0.5 Vdel 
5.0 
- 
1:5 
- 
2.25 
1.5 
- 
1.5 
(VO • 9.0 or 1.0 Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO' 
13.5 or 1.5 Vdel 
15 
- 
4:0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
(VO • 0.5 or 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
IOH 
mAde 
(VOH 
= 2.5 Vocl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vocl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
{VOL = 0.5 Vdc} 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


{VOL' 
1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CLlCP Device) 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdel 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


{VOH - 13.5 Vdel 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
IVOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


{VOL e 1.5 Vocl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL Devicel 
lin 
15 
- 
t 0.1 
- 
to.OOOO1 
to.l 
- 
t 1.0 
IJ.Adc 


Input Current ICLlCP Devicel 
lin 
15 
- 
to.3 
- 
to.00001 
! 0.3 
- 
t 1.0 
/.lAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IV;n = O) 


Quiescent Current IAL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/.JAde 
(Per PackageI 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 
Quiescent Current ICLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J.lAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··' 
IT 
5.0 
IT e (1.3I'A/kHz) 
I + 100 
.uAdc 
(Dynamic plus Quiescent, 
10 
IT = (2.6I'A/kHz) 
I + 100 
Per Package) 
15 
IT' 
13.91'A/kHzl 
1+ 
100 
eeL 
=- 50 pF on all outputs, all 
buffers switching) 


-Tlow:;- 
-5SoC for AL Device, -40oC for CLlCP Device. 


Thigh:: 
+12SoC for AL Device, +850C tor CLlCP Device. 


~Noise immunity 
speeified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level:::: 1.0 Vdc min@ VDO 
:: 5.0 Vdc 
2.0 Vdc min@ VDO 
•• 10 Vdc 
2.5 Vdc min@ 
VDO 
= 15 Vdc 
tTo calculate tOlal supply current at loads other than 50 pF: 


ITleLI 
= IT(50 pFI. 1 x 10..3 (CL -SOl VOOI 
where: IT is in JJA(per package). CL in pF, VOO in Vdc. and f in kHz is mput frequency. 


"The 
formulas given are for the typical characteristics only at 2SoC. 


PIN ASSIGNMENT 


14 


2 
13 


3 
12 


4 
11 
5 
10 
6 
9 


7 
8 


NC = No Connection 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Q'.JtPut Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
- 
100 
200 
tTLH= 
11.5ns/pFI 
CL + 15ns 
10 
- 
50 
100 
tTLH = (1.1 ns/pFI CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


TTHL= 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH 
ns 


tpLH. 
tPHL = (1.7 ns/pFI CL + 220 ns 
tPHi. 
5.0 
- 
300 
600 


tPLH. tPHL = 10.66 ns/pFI CL + 77 n. 
10 
- 
110 
220 


tPLH. tpHL 
= 10.5 n./pFI 
CL + 55 n. 
15 
- 
80 
160 


Cock Pulse Width 
tWH 
5.0 
200 
100 
n. 
10 
120 
60 
- 
15 
80 
40 
- 


Clock Pulse frequency 
fel 
5.0 
- 
5.0 
2.5 
MHz 


10 
- 
8.3 
4.2 


15 
.. 
12 
6.0 


Clock Pulse Rise and fall Time# 
tTLH 
5.0 
- 
- 
15 
••• 
tTHL 
10 
- 
- 
5 


15 
- 
- 
4 


Setup Time 
t.u 
5.0 
0 
-50 
ns 


10 
0 
-15 
- 


15 
0 
-8.0 
- 


Hold Time 
th 
5.0 
180 
75 
- 
ns 
10 
90 
25 
- 


15 
75 
20 
- 


.• The formulae 
given are for typical 
characteristics 
only. 


#- When shift register sections are cascaded, 
the maximum 
rise and fall times of the clock input should be equal to or less than the rise 
and fall times of the data outputs 
driving data inputs. 
plus the propagation 
delay of the output driving stage for the output capacitance 


load. 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 


however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi· 
mum rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS -'!S (Vin or Vout) 
-'!S VDD' 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g. either VSS or VDD). 


• .stege 
Output 
0.,08, 


013,017 


® MOTOROLA 


The MC14007UB multi·purpose device consistsof three N-channel 


and three P·channel enhancement mode devices packaged to provide 


access 
to 
each 
device. 
These 
versatile 
parts 
are 
useful 
in 
inverter 
circuits. pulse-shapers.linear amplifiers, high input impedance ampli· 


fiers, 
threshold 
detectors, 
transmission 
gating, 
and 
functional 
gating. 


II 


• 
Quiescent 
Current = 0.5 
nA/package 
typical 
@ 5 Vdc 
• 
Noise Immunity 
= 45% 
of VDD typical 
• 
Diode Protection 
on All Inputs 
• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 
• 
Single Supply Operation 
= Positive or Negative 
• 
Symmetrical 
Output 
Impedance 
- 
200 
ohms 
typical 
@ 


10 
Vdc 
• 
Capable of Driving 
Two 
Low-power 
TTL Loads, One Low- 


power Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range 
• 
Pin-for-Pin Replacement 
for CD4007 A or CD4007UB 
• 
This device has 2 outputs without 
ESD Protection. 
Anti-static 
precautions 
must be taken. 


Rating 
Symbol 
Value 
UOit 


DC 
Supply 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage 
All 
Inputs 
V,n 
-05 
to VOO + 05 
Vdc 


DC 
Current 
Drain 
per Pm 
I 
10 
mAde 


Ope-rating 
Temperature 
Range 
- AL 
DeVice 
TA 
-5510+125 
°c 
CUCP 
DeVice 
-40 
to +85 


Sto~age Temperature 
Range 
Tstg 
-65 to +150 
°c 


INPUT 
OUTPUT CONDITION 


1 
A-C.B-Open 
o 
A-B. 
C - Open 


Substrates 
of P·chenn.1 
devices 
internally 
connected 


to VOO; 
""bstra1lts 
of N-channe' 
devices 
internally 


connected to Vss- 


DUAL COMPLEMENTARY 
PAIR 
PLUS INVERTER 


L SUFFIX 


CERAMiC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 646 


Voo 
Tlow· 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
M" 
Mi" 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


1VO: 
4.5) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(VO :9.0) 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 


(VO: 
13.51 
15 
- 
2.5 
- 
675 
2.5 
- 
2.5 


"'" 
Level 
VIH 
(VO a 0.5) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vdc 
1VO -1.0) 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


1VO -1.5) 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive Current 
(AL Devicel 
IOH 
mAde 


(VOH - 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-5.0 
- 
-1.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-1.0 
- 
-0.36 
- 


(VOH • 9.5 Vdc) 
10 
-1.6 
.- 
-1.3 
-2.5 
- 
-0.9 
- 


(VOH - 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-10 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
1.0 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.5 
- 
0.9 
- 


(VOL - 1.5 Vdc) 
15 
4.2 
- 
3.4 
10 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Device) 
IOH 
mAde 
(VOH - 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-5.0 
-- 
-1.7 
- 


(VOH - 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-1.0 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.5 
- 
-0.9 
7 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-10 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
1.0 
- 
0.36 
- 
mAde 
1VOL • 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.5 
0.9 
- 


(VOL - 1.5 Vdcl 
15 
3.6 
- 
3.0 
10 
- 
2.4 
- 


Input Current 
IAL Device) 
lin 
15 
10 1 
'0.00001 
,01 
! 1.0 
j.lAdc 


Input 
Current 
(ClICP 
Device) 
lin 
15 
'03 
'000001 
'0.3 
, 1.0 
,..Adc 


Input Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin '" 01 


Ouiescent Current 
IAL 
Oe",ce) 
100 
5.0 
0.25 
0.0005 
0.25 
7.5 
./JAde 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
IJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply 
Current··t 
IT 
5.0 
IT = 10.7 ~A/kHzl 
f + 100/6 
~Adc 


(Dynamic 
plul Quiescent, Per Gate) 
10 
IT = (1.4 ~A/kHz) 
f + 100/6 
ICL • 50 pF) 
15 
IT = (2.2 ~A/kHz) 
f + 100/6 


-T1ow 
z -55°C for AL 
Device, 
_40°C 
for CLlCP 
Device 


Thigh 
Z 
+ 125°C 
for AL 
Device. 
"SSoC 
for CLlCP 
DeVice 


fTo 
calculate 
total 
supply current 
at loads other 
than 50 pF 


'TICl) 
'" 'T(SO 
pFI 
t 3 X 10-31Cl 
- 
SOlVOOf 


where: 
IT 
is in IJA (per 
package). 
CL 
in pF, 
VOO 
in Vdc, 
and f 
kHz 
is input 
frequency. 


•• The 
formulas 
given 
are 
for 
the 
tYpical 
characteristics 
only 
at 


2SoC. 


#Nolse 
immunity 
specified 
for 
worst·case 
input 
combination. 


Noise Margin 
for both 
"1" 
and "0" 
level '" 


0.5 
Vdc mtn@ 
VOO" 
5.0 Vdc 
1.0 Vdc min@ 
VOO 
'" 10 Vdc 


1.0 Vdc min@ 
VOO 
'" 15 Vdc 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 
however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 


mum rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS ..,; (Vin or Vout) 
•• VDD. 
Unused inputs must always be tied to an appropriate 
logic voltage level (e.g. either VSS or VDD). 


II 


II 


Voo 
~ 
~..,,,;", 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= 11.2 ns/pFI CL + 30 ns 
5.0 
- 
90 
180 


tTLH 
= 10.5 ns/pFI CL + 20 ns 
10 
- 
45 
90 


tTLH 
= 10.4 ns/pF) CL + 15 ns 
15 
- 
35 
70 


Output 
Fall 
Time 
tTHL 
ns 
tTHL 
= 11.2 ns/pFI CL + 15 ns 
5.0 
- 
75 
150 


'THL 
= 10.5 ns/pFI CL + 15 ns 
10 
- 
40 
80 


'THL 
= 10.4 ns/pFI CL + 10 ns 
15 
- 
30 
60 


Turn-Off 
Delay Time 
'PLH 
ns 


tPLH = 11.5 ns/pFI CL + 35 ns 
5.0 
- 
60 
125 


tPLH = 10.2 ns/pF I CL + 20 ns 
10 
- 
30 
75 


tPLH '" 10.15 ns/pFI CL + 17.5 os 
15 
- 
25 
55 


Turn-On 
Delay 
Time 
tPHL 
ns 


tpHL 
= 11.0 ns/pFI CL + 10 ns 
5.0 
- 
60 
125 


tpHL 
= 10.3 ns/pFI CL + 15 ns 
10 
- 
30 
75 


tPHL = 10.2 ns/pFI CL + 15 ns 
15 
- 
25 
55 


* The formulae 
given are for the typical 
characteristics 
only. 


Switching 
specifications 
are for device 
connected 
as an inverter. 


20 


:g -4.0 
16 
'" 
'" 
~ 
~ 
~ -8.0 
~ 
i 
~ 


12 


~ 
z 
-12 
z 
8.0 
: 
~ 
0 
:i 


-'6 
~ 
4.0 
P 


-20 
0 


-10 
0 


APPLICA nONS 


The 
MC14007UB 
dual 
pair 
plus 
inverter, 
which 
has 
access 
to all its elements 
offers 
a number 
of unique 
circuit 
applications. 
Figures 
1, 5, and 
6 are 
a few 
examples 
of 
the device 
flexibility. 


FIGURE 
5 - 
3-5TATE 
BUFFER 


+voo 


Disable 3~~r1 


Output 


Input "-{~,, 
OutplJt 
]: 
4 
~ 
6o-J17 


INPUT 
DISABLE 
OUTPUT 


1 
0 
0 
0 
0 
1 


X 
1 
Open 


II 


12 
53 


PIN ASSIGNMENT 


16 
11 52 
2 
'5 


3 
14 


4 
13 


10 
51 
5 
12 


6 
11 
VOO· 
Pin 
16 
10 
VSS· 
Pin8 
8 
9 
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II 


The MC14008B 4·bit 
full 
adder is constructed wilh 
MOS p. 


channel and N·channel enhancemenl mode devices in a single mono· 
lithic 
structure. This device consists of four full adders with 
fast 
internal look·ahead carry output. 
It is useful in binary addition and 
other arithmetic applications.The fast parallel carry output bit allows 
high·speedoperation when usedwith other Jdders in a system. 


• 
Look·Ahead Carry Output 


• 
High·Speed Operation - 
160 ns typical from Sumin to Sumout 
• 
Quiescent Current - 
5.0 nA/package typ;cal @ 5 Vdc 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vd.; 


• 
Capable of Driving Two Low·power TTL Loads. One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


• 
Pin·for·Pin Replacement for CD4008B 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-05to 
"18 
Vdc 


Input 
Voltage, 
All 
Inpuls 
Von 
-{J.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pm 
I 
'0 
mAdc 


Operattng 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-5510+125 
°c 


CLlCP 
DeVIce 
-40 
to .85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


L SUFFIX 


CEAAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~5U~f;:.::;:t::Ck." 
t: P 
Plastic P.ckege 


A 
Extendad 
Opereting 
Temptlr.ture 
Aange 


C 
Limited 
Operating 
Temptlr.ture 
Range 


Cin 
8 
A 
Cout 
S 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 
1 
1 
0 


1 
0 
0 
0 
1 
, 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
1 
1 
1 
1 


Vo!) 
Tlow . 
25°C 
Thi h- 


, Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
.- 
0.05 
- 
0 
. 
0.05 
.- 
0.05 
Vdc 


V,n 
VOO 
or 0 
10 
-- 
0.05 
- 
0 
0.05 
.- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.. , .. 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
.- 
9.95 
10 
-- 
9.95 
-- 


15 
14.95 
.- 
14.95 
15 
- 
14.95 
.- 


Input 
VoltageJ: 
"0" level 
VIL 
Vdc 


(VO 
4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO .' 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
O' 13.5 0,1.5 
Vdcl 
15 
.- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" level 
VIH 
(VO " 0.50,4.5 
Vdcl 
5.0 
3.5· 
- 
3.5 
2.75 
3.5 
Vdc 


(VO - 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
.- 


(VO = 1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
825 
- 
11.0 
-- 


Output 
Drive 
Current 
CAL 
Device) 
10H 
mAde 


(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
.- 


1VOH • 9.5 Vdcl 
10 
-1.6 
_. 
-1.3 
-2.25 
" 
-- 
-0.9 
- 


(VOH • 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
088 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
.- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
.- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
CCLlCP 
Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
.- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
.- 
-2.4 
.- 


(VOL' 
0.4 Vdcl 
Smk 
10L 
5.0 
0.52 
.- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
-- 
1.1 
2.25 
- 
0.9 
.- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
.- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
'0.1 
- 
'000001 
,0.1 
- 
! 1.0 
~Adc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
, 0.3 
- 
'0.00001 
'0.3 
- 
, 1.0 
~Adc 


I npu t Capacitance 
Gin 
- 
.- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
-= Q) 


Quiescent 
Current (Al 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
.- 
150 
/JAde 


(Per 
Package) 
10 
.- 
10 
.- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
-- 
600 


QUlescenl 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0,015 
80 
.- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT -- it.7 
lolA/kHz) 
f + 100 
IJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT -- (3.4 ~A/kHll 
t + 100 


Per 
Package) 
15 
IT • (5.0 ~A/kHll 
f + 'DO 
ICL '" 50 pF on all outputs, all 


buffers 
switching) 


-Tlow'" 
-55°C 
for AL Device. -40oC for CL/CP 
Device. 
Thigh:::: +12SoC 
for AL Device, +8SoC for CLlCP 
Device. 


:rNoise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" level'" 1.0 Vdc min@ VOO 
:: 5.0 Vdc 
2.0 Vdc min@ Voo 
= 10 Vdc 
2.5 Vdc min @ Voo 
= 15 Vdc 


tTo calculate total supply current at loads other then 50 pF: 


1T(CLI = IT(50 pFI + 5 x 10-3 (CL -501 VOOf 
where. 
IT is in IJA (per packagel. CL in pF. VOO 
in Vdc. and f in kHz is input frequency. 


··The 
formulas given are for the typical characteristics only at 2SoC. 


II 


II 


Voo 
Ch.racteristic 
Symbol 
Vd. 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time. 
tTLH 
n. 
tTLH = (3.0 n./pF) 
CL + 30 n. 
6.0 
- 
100 
200 


tTLH = (1.5 n./pF) 
CL + 15 n. 
10 
- 
50 
100 


tTLH· 
0.1 n./pF) CL + IOns 
15 
- 
40 
80 


Output Fall Time. 
tTHL 
n. 
tTHL 
= (1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL· 
(0.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL = (0.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. tPHL 
ns 


Sum In to Sum Out 
tpLH. tPHL 
= (1.7 ns/pFI CL + 315 ns 
5.0 
- 
400 
lJoo 
tpLH. tPHL 
= (0.66 ns/pFI CL + 127 n. 
10 
- 
160 
320 
tpLH. tpHL 
= (0.5 ns/pFI CL + 90 ns 
15 
- 
115 
230 
Sum In to Carry Out 
, 


tPLH. tpHL 
= (1.7 ns/pF) CL + 220 ns 
5.0 
- 
305 
610 
tpLH. tpHL • (0.66 ns/pFI CL + 112 ns 
10 
- 
145 
290 
tpLH. tpHL 
= (0.5 ns/pFI CL + 85 ns 
15 
- 
110 
220 
Carry In to Sum Out 
tPLH. tPHL = (1.7 ns/pFI CL + 290 ns 
5.0 
- 
375 
750 
tPLH. tpHL 
= (0.66 n./pFI CL + 122 ns 
10 
- 
155 
310 
tpLH. tpHL 
= 10.5 ns/pFI CL + 90 ns 
15 
- 
115 
230 
Carry In to Carry Out 
tPLH. tPHL = 0.7 ns/pF) CL + 85 ns 
5.0 
- 
170 
340 
tPLH. tPHL • (0.66 ns/pFI CL + 42 ns 
10 
- 
75 
150 
tpLH. tpHL 
= (0.5 ns/pF) CL + 30 ns 
15 
- 
55 
110 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 


however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 
mum rated voltages to this high impedan'ce circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS "' 
(Vin or Vout) 
,,;-VDD' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g. either VSS or VDD)' 


E3 


EJ 


Word 
A 
+ 6 Inputl 
r~--------- 
~A~ 
--------~ 


Al--- 
64 


Calculation 
of 
16·bit 
adder 
speed: 


tp total:: 
tp (Sum 
to Carry) 
+ tp (Carry 
to Sum) 
+ 2 tp (Carry 
to Carry) 
Typically. 
the 
overall 
16-bit 
adder 
speed 
at 
10 V is: 


tp total"" 
1 15 + 125 
+ 90:: 
330 
ns typ 
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The MC140116 
and MC14011U6 
are constructed 
with 
P and N 
channel enhancement mode devices in a single monolithic structure 
(Complementary 
MaS). 
Their 
primary 
use is where low power 
dissipation and/or high noise immunity is desired. 


EI 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs 6uffered (MC14011 6 only) 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14011 6 only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacements for CD4011 6 and CD4011U6 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
05 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
·05 to VOO 
·05 
Vue 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Opef<JtlflQ 
T~mpela,ur~ 
R<.Inqc 
AL 
Delllce 
TA 
-55 to <125 
°c 


Cl'CP 
De\/Ice 
-40 to +85 


Stordge 
TempP.'rature 
Rdnge 
T stg 
-65 
to +150 
"c 


[ 


See 
the MC140016 data sheet for complete characteristics of the 
6·Seriesdevice. 
. 
See the MC14001U6 data sheet for complete characteristics for the 
U6 device. 
------' 


MC14011B 
MC14011UB 


.~ 
..~ 
~~~(n~rymn ~ 


L SUFF IX 


C.ERAMIC 
PACKAGE. 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


M"m'Tp~':' c..::",:._ 
or US, 
j 
P 
Plastic 
Package 
as applicable 
- 
A 
Extended 
Operating 
Temperature 
Range 
L.......- C 
Limited 
Operating 


Temperature 
Range 
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The MC14012B and MC14012UB are constructed 
with 
P and N 
channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure 


(Complementary 
MaS). 
Their 
primary 
use is where low power 
dissipation and/or high noise immunity 
is desired. 


• 
QUiescentCurrent = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VOD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered (MC140128 only) 


• 
Capable of Driving Two Low-power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14012B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacementsfor CD4012B and CD4012UB 


Rating 
Symbol 
Value 
Un,t 


DC Supply 
Voltage 
VOO 
-05 
to ·18 
Vdc 


Inpul 
Vollage 
All 
Inputs 
V,n 
-0510 
VOD 
- 0 5 
Vdt 


DC Currenl 
Drdln 
per 
PHI 
, 
10 
mAde 


Operdt1nq 
Temperature 
RcttH)e 
Al Devlct' 
TA 
55 to .•125 
DC 


CL'CP 
Device 
-4010·85 


StO'dge 
Temperature 
Adnge 
T stg 
-6510 
t 150 
DC 


l 


See the MC14001 B data sheet for complete characteristics of the 
B-Seriesdevice. 
See the MC14001UB data sheet for complete characteristics for the 
UB device.---- 


MC14012B 
MC14012UB 


..•,.• 


L SUFFIX 
P SUFFIX 
E3 


CE RAMIe 
PACI(AGE 
PLASTIC 
PACKAGE 


CASE 
632 
CASE 
646 


ORDERING INFORMATION 


MC14XXXJ'1~':',...:',:::._ 


or US as 
P 
Plastic 
Package 
applicable 
A 
E_tended 
Operating 


Temperatur. 
Range 
e 
Limited 
Operating 
T emperatur. 
Range 
~p-, 
,:p- '3 
11 


12 


VOD" 
Pm 
14 


VSS 
':> Pin 
7 
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The MC14013B dual type D flip-flop 
is constructed with MOS 
P-channel and N·channel 
enhancement 
mode devices in a single 
monolithic 
structure. 
Each flip-flop 
has independent Data, (Dl. 


Direct Set, (5), Direct Reset, (RI, and Clock (CI inputs and comple- 
mentary outputs (Q and ell. Thesedevicesmay be usedasshift regis- 
ter elements or as type T flip-flops for counter and toggle applica- 


tions. 


• 
Static Operation 
• 
Quiescent Current = 2_0nA/package typical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation 


• 
Toggle Rate = 4 MHz typical 
@ 
5 Vdc 
• 
Logic Edge-ClockedFlip-Flop Design .. 
Logic state is retained indefinitely with clock level either high or 
low; information is transferred to the output only on the positive- 
going edgeof the clock pulse 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Pin-for-Pin Replacement for CD40138 


Rilhng 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Oral" 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
.- AL 
De .•.•ice 
TA 
-55 
to +125 
°c 
CUe? 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
TSt9 
-65 
to +150 
°c 


INPUTS 
OUTPUTS 


CLOCK' 
DATA 
RESET 
SET 
a 
Ci 
~ 
0 
0 
0 
0 
1 
~ 
1 
0 
0 
1 
0 
'-- 
x 
0 
0 
a 
a 


x 
x 
1 
0 
0 
1 


X 
X 
0 
1 
1 
0 


X 
X 
1 
1 
1 
1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB ~SU~f;Xc.::;:t::Ck... 


L P 
Plastic 
Package 
A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


BLOCK DIAGRAM 


0 
a 


c 
a 
2 


4 


0 
a 
13 


11 
C 
a 
12 
R 


10 


Vao· 
Pin 14 
VSS • Pin ]' 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
Val 
5.0 
- 
0.05 
0 
0.05 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage"" 
"0" 
Level 
Vil 
Vdc 


(Va 
4.5 or 0.5 
Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va' 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va = 13.5 or1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(Va' 
0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


{Va' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 1 5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.1 
-8.8 
- 
-2.4 
- 


(Val 
= 0.4 Vdcl 
Sink 
10l 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(Val 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(Val 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
10H 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(Val 
= 0.4 Vdc) 
Sink 
10l 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(Val 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOl 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
10.1 
- 
10.00001 
+0.1 
- 
± 1.0 
IJAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
10.3 
- 
to.OOOOl 
± 0.3 
- 
± 1.0 
SJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin:: 
0) 


Quiescent 
Current 
(Al 
Device) 
'DO 
5.0 
1.0 
0.002 
1.0 
30 
,uAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


QUiescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
I-iAdc 


(Per Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
120 


Total Supply 
Current-· 
t 
IT 
5.0 
IT = 10.75pAlkHz) 
f + 100 
IJAdc 
(DynamiC 
plus 
Quiescent. 
10 
IT = 11.5 
,uA/kHz) 
f + 100 


Per Package) 
15 
IT = 12.3 
IlA/kHz) 
f t 
100 


(CL 
...,50 pF 
on all outputs, 
all 


buffers 
SWitching) 


"Tlow 
-55°C 
for 
AL 
DeVIce. _40°C 
for CLlCP 
Device. 


Thigh'" 
t12SoC 
for 
AL 
Device. 
+8SoC 
for 
CLlCP 
Device . 


• Noise 
Immunity 
specified 
fOf 
worst·case 
input 
combInatIon. 


NOIse Margin 
for 
bOth 
"1" 
and "O"level 
= 1.0 Vdc 
min@VDD 
=- 5.0 Vdc 


2.0 Vdc 
min@VDD 
"- 10 Vdc 
2.5 Vdc min@VDD 
...;15 Vdc 


tTo 
calculate 
tOTal supply 
current 
at loads other 
than 
50 pF. 


'T(CL) 
ITI50 pF) , 2 x 10-3 (Cl -501 VOOf 


where 
IT's 
In}J.A 
(per packagel. 
CL in pF, 
VDD 
in Vdc, 
and 
f In kHz 
is input 
frequency. 


"" The formulas 
given are for 
the 
tYPical 
characteristiCs 
only 
at 25°C. 


EI 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
lTLH 
n. 
lTLH = (3.0 n./pF) 
CL + 30 ns 
5.0 
- 
100 
200 
lTLH = (1.5 ns/pF) 
CL + 15 ns 
10 
- 
50 
100 
lTLH" 
ILl 
n./pF) 
CL + 10 n. 
15 
- 
40 
80 


Output Fall Time 
lTHL 
ns 
lTHL' 
11.5 ns/pFI 
CL + 25 n. 
5.0 
- 
100 
200 
IT·HL" 
(0.75n./pFICL 
+ 12.5n. 
10 
- 
50 
100 
lTHL" 
(0.55 ns/pFI 
CL + 12.5ns 
15 
- 
40 
80 


ProPagation Delay Time 
lpLH 
n. 
Clock 
10 Q 
lPHL 
lpLH. 
lPHL • fl.7 
ns/pF) 
CL + 90 ns 
5.0 
- 
175 
350 
lPLH. 
lPHL • 10.66 ns/pF) 
CL + 42 ns 
10 
- 
75 
150 
lpLH. 
tPHL • 10.5 ns/pF) 
CL + 25 ns 
15 
- 
50 
100 
Sol 10 Q 


lPLH. 
lPHL • 11.7 ns/pFI 
CL + 90 ns 
5.0 
- 
175 
350 
lPLH. lPHL = 10.66 ns/pF) 
CL + 42 ns 
10 
- 
75 
150 
lPLH. 
tPHL = 10.5 ns/pFI 
CL + 25 n. 
15 
- 
50 
100 
Reset to a 


'PLH.lpHL 
=11.7ns/pFICL 
+ 265ns 
5.0 
- 
350 
450 
lPLH.lPHL 
= 10.66 ns/pFI 
CL + 67 ns 
10 
- 
100 
200 
tPLH. 
tPHL • 10.5 ns/pFI 
CL + 50 ns 
15 
- 
75 
150 


Setup Times 
tsu 
5.0 
40 
20 
ns 
10 
20 
10 
- 
15 
15 
7.5 
- 
Hold Times 
lh 
5.0 
40 
20 
- 
ns 
10 
20 
10 
- 
15 
15 
7.5 
- 
Clock Pulse Width 
lWL.lWH 
5.0 
250 
125 
ns 
10 
100 
50 
- 
15 
70 
35 
- 
CiCek Pulse Frequency 
- 


5.0 
4.0 
2.0 
MHz 
lei 
- 
10 
- 
10 
5.0 
15 
- 
14 
7.0 


Clock Pulse Rise and Fall Time 
lTLH 
5.0 
- 
- 
15 
~s 


I 
lTHL 
10 
- 
- 
5.0 
15 
- 
- 
4.0 


I 


Set and Reset Pulse Width 
'WL.lWH 
5.0 
250 
125 
- 
n. 
10 
100 
50 
- 
L 
15 
70 
35 
- 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; 
hQ.yvever. it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 


ni{.m rated voltages to this high impedance circuit. 
For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS <;. (Vin or Vout) 
.;; VOO. 
Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g. either VSS or VOO). 


c 
c 


c~ 


R 


'w 


IP~H 
tPHL 
-------VOH 
a 
50~o 


VOL 


o~ 
C 
a 


Clock 


~a 
--~ 


@MOTOROLA 
MC14014B 
MC14021B 


II 


The MC14014B 
and MC14021B 
B·bit static shift 
registers are 


constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic 
structure. 
These shift registers find 
primary 
use in parallel·to·serial data conversion, synchronous and 
asynchronous parallel input, serial output 
data queueing; and other 
general purpose register applications 
requiring 
low power and/or 


high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Synchronous Parallel Input/Serial Output (MC14014BI 


• 
Asynchronous Parallel Input/Serial Output (MC14021 Bl 


• 
Synchronous Serial Input/Serial Output 
• 
Full Static Operation 
from DC to typo 6.0 
MHz at 1OV VDD 


• 
"Q" Outputs from Sixth, Seventh, and Eighth Stages 


• 
Double Diode Input Protection 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL 
Load to Two HTL Loads Over the Rated Temper' 


ature Range. 


• 
MC14014B Pin-for-Pin Replacement for CD4014B 
• 
MC14021B Pin·for·Pin Replacement for CD4021B 
--- 


- 
- 
f 
I 
i 
( 


16 
1 
1 
' 
16 
1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXX8l1=SU~fOXC'::i:t::Ck 
.. ' 


L: P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


e 
Limited 
Operating 


Temperature 
Range 


TRUTH TABLE 
SERIAL OPERATION: 


06 
07 
08 
t 
CLOCK 
Os 
PIS 
t= n+6 
t= n+7 
tz: n+8 


n 
~ 
0 
0 
0 
? 
? 


n" 
~ 
, 
0 
, 
0 
, 


n'2 
...r- 
0 
0 
0 
1 
0 
n'3 
...r- 
1 
0 
t 
0 
, 
~ 
X 
0 
06 
07 
08 


PARALLEL 
OPERATION: 


CLOCK 


PIS 
'OM 
MC140148 
MC140218 
Os 
OM 


~I 
X 
X 
1 
0 
0 


~I 
X 
X 
1 
1 
1 


• 06, 
07. 
& 08 
are available 
aMt.rnally 


X • Con't Car. 


Rating 
Svmbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VOO 
-05'0+18 
Vdc 


Inpul 
Voltage. 
All 
Inputs 
V,n 
--05 to VOO • 0.5 
Vdc 


DC 
Current 
Dr.l" 
per 
Pin 
I 
10 
mAde 


Operatlny 
Temperature 
Range -- AL DeVice 
TA 
-55 
to +125 
°c 
CLlCP 
DeVIce 
-40 
to +85 


Storage TemperaTure Range 
T st9 
-65 to +150 
°c 


Voo 
Tlow. 
250C 
Thi h- 
Characteristic 
SVmbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 
Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
(yo : 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


{VO: 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
V'H 
(VO • 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO' 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


{VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current IAL Devicel 
10H 
mAde 


(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH '4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-225 
- 
-0.9 
- 


1VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL : 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Orive Current (CLlCP Device) 
10H 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


{VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


{VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL Device) 
lin 
15 
- 
>0.1 
- 
>0.00001 
±O.l 
- 
! 1.0 
/-lAde 


Input 
Current 
(CLlCP Device) 
lin 
15 
- 
> 0.3 
- 
>0.00001 
± 0.3 
- 
t 1.0 
/JAde 


l"put Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


1Vin - 0) 
Quiescent Current (AL Device) 
100 
5.0 
- 
5.0 
0.005 
5.0 
150 
j,olAdc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current ICLlCP DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
}.lAde 


(Per PackageI 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Cunent··t 
IT 
5.0 
'T • {O.15 "A/kHzl 
I • '00 
/-lAde 


(Dynamic plus Quiescent. 
10 
'T : (1.50 "A/kHz) 
f 
• 
'00 
Per Package) 
15 
IT· 
(2.25 !'A/kHz) 
f 
• 
100 
(CL - 50 pF on all outputs, all 
buffers switching) 


-Tlow'" 
-S50C for Al 
Oevice. -400C for ClICP 
Oevice. 


Thigh - +12SoC for Al 
Device. +850C for ClICP 
Oevice. 


#Noise immunity 
spec;ified for worst-case input combination. 


Noise Margin for both "1" and ••a" level'" 
1.0 Vdc min@ VOO 
- 5.0 Vdc 
2.0 Vdc min @ VOO 
- 10 Vdc 


. 
2.5 Vdc min @ VOO = 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'T{CL)- 
IT(50 pF) + 1.5 • 10-3 leL -50) VOO' 
where: IT is in JJA(per package). Cl 
in pF. VOO in Vdc. and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 


EI 


- 
VOO 
Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Vd. 


Output Rise Time 
tTLH 


I 


ns 


tTLH = (3.0 nsipF) 
CL + 30 ns 
5.0 
- 
100 
200 


tTLH 
= (1.5 nsipFI 
CL + 15 ns 
10 
- 
50 
100 


tTLH 
= (1.1 nsipFI 
CL + 10 ns 
15 
- 
40 
80 
I 


Output 
Fall Time 
tTHL 
ns 
I 


tTHL 
= (1.5 nsipFI 
CL + 25 ns 
5.0 
- 
100 
200 
I 
tTHL = (0.75 nsipF) 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= (0.55 nsipFI 
CL + 9.5 ns 
t5 
- 
40 
80 


Propagation Delay Time (Clock to a. PIS to 01 
tPLH, 
i 


ns 
tPHL, tpLH = 11.7 nsipF) 
CL + 315 ns 
tPHL 
5.0 
- 
400 
800 
tpHL, 
tPLH 
= (0.66 nsipFI 
CL + 137 ns 
10 
- 
170 
340 


I 
tPHL, 
tPLH 
= 10.5 nsipFI 
CL + 90 ns 
15 
- 
115 
230 


Clock Pulse Width 
tWH 
5.0 
400 
150 


I 


ns 
10 
175 
75 
- 
! 
15 
135 
40 
- 


M~ 
------- 
1.5 
Clock Frequency 
lei 
5.0 
- 
3.0 


I 


10 
- 
6.0 
3.0 


i 
15 
- 
8.0 
4.0 


Parallel/Serial 
Control 
Pulse Width 
tWH 
5.0 
400 
150 
- 
! 


ns 
I 
I 
10 
175 
75 
- 


I 
15 
135 
40 
- 


Setup Time 
tsu 
5.0 
350 
150 
- 
ns 
I 
10 
80 
50 
- 
15 
60 
30 
- 
I 


lnput 
Clock Rise Time 
trlel) 
5.0 
- 
- 
15 
~s 


I 


10 
- 
- 
5 
15 
- 
4 
- 


l 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 
however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 
mum rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS .;;, (Vin or Voutl 
.;;,VOO. 
Unused inputs must always be tied to an appropriate 
logic voltage level (e.g. either VSS or VOO). 
._--- 


06 


CL 


07 


08 rT 


I 
I 
I 
I 
I 
I 
IL 
_ 


I 
I 
I 
I 
I 
I 
I 
I 
I 


VSS 
SW 2 : 


I 
_ 
..J 


---; 


tTLH 
tTHL 
tWl. ""tWH 
02 50% Duty Cycle 


~~ 
MOTOROLA 


II 


The 
MC14015B 
dual 
4-bit 
static 
shift register 
is constructed 
with 
MOS P-channel 
and N-channel 
enhancement 
mode devices 
in a single 
monolithic 
structure. 
It -consists 
of 
two 
identical, 
independent 
4-state 
serial-input/parallel-output 
registers. 
Each 
register 
has 
inde- 
pendent 
Clock 
and 
Reset 
inputs 
with 
a single 
serial Data 
input. 
The 
register 
states 
are type 
0 master-slave 
flip-flops. 
Data is shifted 
from 


one stage to the next during 
the positive-going 
clock transition. 
Each 
register 
can be cleared 
when 
a high level is applied 
on the Reset 
line. 


There 
complementary 
MOS shift 
registers 
find primary 
use in buffer 
storage 
and serial-to-parallel 
conversion 
where 
low power 
dissipation 
and/or 
noise immunity 
is desired. 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection 
on All Inputs 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Single Supply 
Operation 
-- Positive 
or Negative 


• 
High Fanout 
- > 50 


• 
Input 
Impedance 
= 10 12 ohms 
typical 


• 
Low Input 
Capacitance 
- 5.0 pF typical 


• 
Logic Swing 
Independent 
of Fanout 


• 
Toggle 
Rate 
= 6.0 MHz @ 10 Vdc 


• 
Logic Edge-Clocked 
Flip-Flop 
Design- 


Logic state 
is retained 
indefinitely 
with 
clock 
level either 
high or 
low; information 
is transferred 
to the output 
only on the positive 
going edge of the clock pulse. 


• 
Capable 
of Driving 
Two 
Low·power 
TTL 
Loads, 
One Low·power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 


ature 
Range. 


MAXIMUM 
RATINGS 
(Voltages referenced to VssJ 


Rating 
Svmbol 
Value 
Unit 


DC 
Supply 
Voltage 
Vaa 
-05 
to +18 
Vdc 


Input 
Voltage. 
All 
InpuIs 
Vin 
-05 
to VOO .• 0.5 
Vdc 


DC Current 
Drain 
per PIn 
I 
10 
mAde 


Operating 
Temperature 
Range 
- AL DeVice 
TA 
-55 
to +125 
°c 


CLlCP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
T st9 
-65 to +150 
°c 


a 
On 
on+1 


0 
0 
0 
0 
1 
0 


1 
0 
1 


1 
1 
1 
EffE 


o 
o 
a 


1 
0 


C = 0"" 
Don't 
Car. 


DUAL 4-BIT STATIC 
SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUfFlX 
PLASTIC 
PACKAGE 


CASE 648 


.""m 11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperatur. 
Range 


e 
Limited 
Operating 
Temperatur. 
Range 


BLOCK 
DIAGRAM 


00 
5 
0 
01 
4 


02 
3 


9 
C 
R 03 
10 


6 


00 
13 


15 
0 
01 
12 


02 
11 


C 
R 03 
2 


14 


VOD"" 
Pin 
16 
VSS 
,. Pin 8 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


V,n 
Voo 
or a 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
Oor VOo 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage'c 
"0" 
Level 
VIL 
Vdc 
(VO' 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO " 9 0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO" 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.5J 
- 
7.0 
- 
(VO = 1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drlve 
Current 
tAL Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep 
Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH' 
4.6 Vdc! 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc! 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc! 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
to,l 
.- 
'0 
00001 
to.l 
- 
:t 1.0 
,uAde 


Input 
Current 
(CLlep Devicel 
lin 
15 
.- 
, 0.3 
.- 
W 00001 
.!:O.3 
.- 
'1.0 
,lJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V in ,- 0) 


QUiescent 
Current 
(A L DeVice I 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0.015 
20 
- 
600 


QUiescent Current 
(CLlep DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = 
(1.2 
"A/kHz! 
f t 100 
,uAde 


(Dynamic plus Ouiescent, 
10 
IT = 
(2.4 
"A/kHz! 
f t 100 
Per Package) 
15 
IT = 
13.6 "A/kHz! 
I t 100 


eel'" 
50 pF on all outputs, 
all 


buffers 
switching) 


-T\ow 
- -55°C 
for AL DeVice. -40oC 
lor CLlCP 
DeVIce. 


ThIgh 
~ +1250C 
for AL DeVice. "'850C 
for CLlCP 
DeVice 


.Nolse 
Immunity 
specifIed 
for worst-case 
mput 
combination 


NOise MargIn 
for 
both 
"1" 
and "0" 
level 
1.0 
Vdc 
min 
Ci.~Voa 


2.0 Vdc 
min@ 
VDa 


2.5 Vdc 
min 
@ VDa 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 50 pF 
ITICLI' 
ITI50 pFI t l'x 10-3 ICL -501 VOOf 


where: 
IT IS 10 IJ,A (per package). 
CL in pF. 
VDa 
In Vdc. 
and I In kHz 
IS input 
frequency 
. 


• ·The 
lormulas 
given are for 
the typical 
characteristICS 
only 
at 25°C. 


~ 5.0 Vdt 
10 Vdc 


15 Vdc 


PIN ASSIGNMENT 


1 
16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


II 


CharllCt.riltic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
n, 


'TLH - (3.0 n./pF) CL + 30 n, 
5.0 
- 
100 
200 
tTLH - (1.5 n./pF) CL + 15 n. 
10 
- 
50 
100 
tTLH -11.1 n./pFICL +10n, 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
n, 
t:rHL' 
11.5n./pF) CL + 25 n. 
5.0 
- 
100 
200 
'THL = (0.75 n./pF) CL + 12.5 n. 
10 
- 
50 
100 
'THL - (0.55 n./pFI CL + 9.5 n. 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
n. 
Clock, Data to a 
tPHL 
tPLH, tPHL = 11.7n./pF) CL + 225 n. 
5.0 
- 
310 
750 
tPLH, tPHL = 10.66n./pF) CL + 92 n, 
10 
- 
125 
250 
tPLH, tPHL • 10.5n,/pF) CL + 65 n, 
15 
- 
90 
170 
Reset to Q 
tPLH, tpHL • 11.7n,/pF) CL + 375 n, 
5.0 
- 
460 
750 
tPLH, tPHL = 10.66n./pF) CL + 147 n, 
10 
- 
180 
250 
tPLH, tpHL - (0.5 n./pF) CL + 95 n, 
15 
- 
120 
170 
Clock Pul•• Width 
- 
5.0 
185 
400 
twH 
- 
n. 
10 
- 
85 
175 
15 
- 
55 
135 


Clock Pulse Frequency 
'el 
5.0 
- 
2.0 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
7.5 
3.75 


Clock Pulse Rise and Fall Times 
tTLH, tTHL 
5.0 
- 
- 
15 
~, 
10 
- 
- 
5 
15 
- 
- 
4 
Reset Pulse Width 
twH 
5.0 
400 
200 
- 
n. 


10 
160 
80 
- 
15 
120 
60 
- 


Setup Time 
I,u 
5.0 
350 
100 
- 
n. 
10 
100 
50 
- 
15 
75 
40 
- 


\"----J/ 


CIOCklrVDD 
Input 
50% 


OV 


~ 


u 


'h 


O.ta 
- 
- - 
"" 
SO% 
r - - _... 
VOO 


Input 
'- 
__ 
J 
0'1 


This device 
contains 
circuitry 
to protect 
the inputs 
against 
damage 
due 
to high static voltages or electric 
fields; however. 
it is ad- I 
vised that normal precautions be taken to avoid application of any yoltage htgher than maximum fated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended that Vin and Your be constrained to the range VSS 
"I; 
(Vi" 
or Vout) 


';VOO· 
Unused 
inputs 
must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VoaL 


II 


1 
~CiOCk 


~104Bil$ 


Q 


To 0 01 
Nelli Bit 


B 


II 


Q~ MOTOROLA 


QUAD 
ANALOG 
SWITCH/QUAD 
MULTIPLEXER 


The 
MC14016B 
quad bilateral 
switch 
is constructed 
with 
MOS P-channel and N-channel enhancement 
mode devices in a 


single monolithic 
structure. 
Each MC140 
16B consists of four in- 
dependent 
switches 
capable 
of 
controlling 
either 
digital 
or 
analog signals. The quad bilateral switch 
is used in signal gating, 
chopper, modulator, 
demodulator 
and CMOS logic implementa- 
tion. 


• 
High OnlOff 
Output 
Voltage 
Ratio - 
65 dB Typical 
• 
Quiescent 
Current 
= 0.5 
nAlpackage 
typical 
@ 5 Vdc 


• 
Low 
Crosstalk 
Between 
Switches 
- 
80 
dB 
typical 
@ 


1.0 
MHz 
• 
Diode Protection 
on All Inputs 
• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 
• 
Transmits 
Frequencies Up to 54 MHz @ 5 Vdc 
• 
Linearized Transfer Characteristics 
• 
Low Noise - 
12nV IV 
Cycle, f:;;' 
1 kHz typical 
• 
Pin-for-Pin Replacement for CD40 16B, CD4066B 
• 
This device has Inputs and Outputs 
which 
do not have ESD 
protection. 
Antistatic 
precautions 
must be taken. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
vOD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 to VOO .• 0.5 
Vdc 


Through 
Current 
I 
10 
mAde 


Operating 
Temperawre 
Range 
- 
AlDf'vlce 
TA 
-55 to +125 
°c 
CLlCP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to 
+ 150 
°c 


ThiS deVice 
contains 
Circuitry 
to 
prott!ct 
the 
control 
Inputs 
agalns" 
damage 
due 
to 


hIgh 
static 
voltages 
or electric 
fields; 
however, 
It ISadVised 
that 
normal 
precautions 


be taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maxImum 
rated 
voltages 


to 
thIS htgh·impedance 
cirCUIt 
A destructive 
hlgh·current 
mode 
may 
occur 
.f V In 
and 
Vout 
IS not 
constramed 
to the range 
VSS 
-:; (Vtn 
or Vout) 
..,;;VOO 


L 


QUAD 
ANALOG 
SWITCH 
QUAD 
MUL TIPLEXER 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


MC14XXXB ~SU~tiAce,::,:t::Ckage 


C. P 
PlastIC 
Package 


A 
Extended 
opera.tlng 


Temperature 
Range 


C 
LImited 
0peratHlg 


Temperature 
Range 


BLOCK 
OIAGRAM 


Con"nl 
1 ~ 


1 
Out 
1 


In 
t 


con"OI2~ 


4 
Out 2 


In 
2 


CO""OI3~ 


8 
Out 3 


In 
3 


cun"OI4~ 
10 


11 
Out 
4 
In 4 


VOO'" 
Pin 
14 


VSS 
'" Pin 
7 


CONTROL 
SWITCH 


0 
OFF 
, 
ON 


Voo 
Tlow· 
25°C 
Thigh" 


Ch.racteristtcs 
Figur. 
Symbol 
Vd. 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Input Voltage# 
1 
VIL 
5.0 
- 
- 
- 
1.5 
0.9 
- 
- 
Vdc 


Control Input 
10 
- 
- 
- 
1.5 
0.9 
- 
- 
15 
- 
- 
- 
1.5 
0.9 
- 
- 


VIH 
5.0 
- 
- 
3.5 
2.0 
- 
- 
- 
Vdc 
10 
- 
- 
8.0 
6.0 
- 
- 
- 


15 
- 
- 
13 
11 
- 
- 
- 


Input Current tAL Devicet Control 
- 
lin 
15 
- 
'0.1 
- 
'0.00001 
'0.1 
- 
'1.0 
~Adc 


Input Current 
(CLlCP 
Device) Control 
- 
lin 
15 
- 
:10.3 
- 
'0.00001 
'0.3 
- 
'1.0 
/-lAde 


Input Capacitance 
- 
Cin 
pF 


Control 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch Input 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch 
Output 
- 
- 
- 
- 
5.0 
- 
- 
- 


Feed Through 
- 
- 
- 
- 
0.2 
- 
- 
- 


Quiescent Current 
(AL Device) 
2,3 
IDD 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
j.lAdc 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent Current 
(CL/CP 
Device) 
2,3 
'DD 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
}JAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


"ON" 
Resistance tAL Device) 
4,5,6 
RON 
Oh"" 
IVC = VDD, RL = 10 knl 
(Vin : +5.0 Vdc) 
5.0 
- 
600 
- 
300 
660 
- 
960 
(Vin = -5.0 
Vdcl Vss = -5 
Vdc 
- 
600 
- 
300 
660 
- 
960 
(Vin = ±0.25 Vdc) 
- 
600 
- 
280 
660 
- 
960 


(Vin' 
+7.5 Vdc) 
7.5 
- 
360 
- 
240 
400 
- 
600 
(Vin = -7.5 
Vdc) VSS· 
-7.5 
Vdc 
- 
360 
- 
240 
400 
- 
600 


(Vin: 
±0.25 Vdc) 
- 
360 
- 
180 
400 
- 
600 


(Vin 
: +10 Vdc) 
10 
- 
600 
- 
260 
660 
- 
960 
(Vin· 
+0.25 Vdc) Vss 
- 0 Vdc 
- 
600 
- 
260 
660 
- 
960 
(Vin = +5.6 Vdc) 
- 
600 
- 
310 
660 
- 
960 


(Vin : +15 Vdcl 
15 
- 
360 
- 
260 
400 
- 
600 
(Vin = +0.25 Vdc) Vss = 0 Vdc 
- 
360 
- 
260 
400 
- 
600 
(Vin • +9.3 Vdc) 
- 
360 
- 
300 
400 
- 
600 


"ON" 
Resistance 
ICL/CP Devica) 
4,5,6 
RON 
Ohms 
(VC· 
VDO, RL -10 
kn) 
(Vin = +5.0 Vd.) 
5.0 
- 
610 
- 
300 
660 
- 
840 
(Vin· 
-5.0 
Vdc) VSS' 
-5 
Vdc 
- 
610 
- 
300 
660 
- 
840 
(Vin· 
'0.25 
Vdc) 
- 
610 
- 
280 
660 
- 
840 


(Vin • +7.5 Vdc) 
7.5 
- 
370 
- 
240 
400 
- 
520 
IVin = -7.5 
Vdc) VSS = -7.5 
Vdc 
- 
370 
- 
240 
400 
- 
520 
1Vin: 
±0.25 Vdc) 
- 
370 
- 
180 
400 
- 
520 


(Vin· 
+10 Vdc) 
10 
- 
610 
- 
260 
660 
- 
840 


(Vin • +0.25 Vdc) Vss 
• 0 Vdc 
- 
610 
- 
260 
660 
- 
840 
(Vin = +5.6 Vd.) 
- 
610 
- 
310 
660 
- 
840 


(Vin • +15 Vdc) 
15 
- 
370 
- 
260 
400 
- 
520 
(Vin • +0.25 Vd.) 
Vss 
• 0 Vdc 
- 
370 
- 
260 
400 
- 
520 
(Vin • +9.3 Vd.) 
- 
370 
-- 
300 
400 
- 
520 


b "ON" 
Resistance 
- 
llRON 
Ohms 
Between any 2 circuits in a common 
package 
IVC=VDD) 
(Vin = '5.0 
Vdc) Vss 
- -5 Vdc 
5.0 
- 
- 
- 
15 
- 
- 
- 


(Vin = '7.5 
Vdc) Vss 
--7.5Vdc 
7.5 
- 
- 
- 
10 
- 
- 
- 


Input/Output 
Leakage Current (Vc = VSS) 
- 
- 
(Vin' 
+7.5, Vou,' 
-7.5 
Vdc) 
7.5 
- 
±O.loo 
- 
'0.0015 
'0.100 
- 
, 1.0 
"Adc 
(Vin - -7.5, 
You, = +7.5 Vdc) 
7.5 
- 
'0.100 
- 
±0.0015 
±0.100 
- 
!1.0 


"T1ow = -=55°C 
for AL Device, 
-40°C 
for CUCP 
Device. 
Thigh = 
+ 125°C 
for AL Device, 
+ 85°C 
for CUCP 
Device. 


# Input Voltage 
specified 
as the voltage 
required at the Control In- 
put for a 1 0 jlA 
current 
through 
the transmission 
gate 
with 
an 


input-to-output 
stress of VOO-VSS 
for VIL and VIH' 


II 


II 


,...--- 
Voo 
Ch.raeteristic 
Figure 
Symbol 
Min 
Typ 
Mox 
Unit 
Vd. 


Propagation 
Delay Time (VSS = 0 Vdc) 
7 
tPLH, 
5.0 
- 
15 
45 
n. 


Vin to Vout 
tpHL 
10 
- 
7.0 
15 


IVC = VOO, RL' 
10 kll) 
15 
- 
6.0 
12 


Control to Output 
8 
5.0 
- 
34 
90 
n. 


1Vin C; 10 Vdc, RL = 10 kO) 
10 
- 
20 
45 
15 
- 
15 
35 


Crosstalk, Control to Output (VSS = 0 Vdcl 
9 
- 
5.0 
- 
30 
- 
mV 


(VC = VOO, Rin = 1.0 kll, 
Rout 
- 10 kll, 
10 
- 
50 
- 
, = 1kHz) 
15 
- 
100 
- 


Crosstalk between any two switches (VSS = 0 Vdc) 
- 
- 
5.0 
- 
-80 
- 
dB 
IRL' 
1.0 kll, f· 1.0 MHz, 
Vout1 
crosstalk = 2010910--1 
Vout2 


Maximum 
Control 
Input Pulse Frequency 
(VSS 
z 0 Vdcl 
- 
- 
5.0 
- 
5.0 
- 
MHz 
(RL' 
1.0 kll) 
10 
- 
10 
- 
15 
- 
12 
- 
- 
nV/-!Cycle 
Noi.e Voltage 
1VSS • 0 Vdc) 
10,11 
- 
5.0 
- 
24 
- 
(VC = VOO, ' = 100 Hz) 
10 
- 
25 
- 
15 
- 
30 
- 


IVC' 
VOO, ' - 100 kHz I 
5.0 
- 
12 
- 
10 
- 
12 
- 
15 
- 
15 
- 


Sine Wave (Distortion) 
(VSS :: -5 Vdc) 
- 
- 
5.0 
- 
0.16 
- 
% 
(Vin = 1.71 Vdc RMS Centered 
@O.O Vdc, 


RL' 
10 kll, 
, = 1.0 kHzl 


In.ertion 
Los. (VC = VOO, Vin - 1.71 Vdc, VSS' 
-5 Vdc, 
12 
- 
5.0 
- 
dB 
RMS centered 
- 0.0 Vdc, , • 1.0 MHzl 


Ilos. = 20 log10 Vout I 
Vin 
(RL = 1.0 kll) 
- 
2.3 
- 
(RL' 
10 kll) 
- 
Q.2 
- 


(RL = 100 kill 
- 
0.1 
- 
(RL -1.0MIlI 
- 
0.05 
- 


Bandwidth 
(-3 
dB) 
12,13 
BW 
5.0 
- 
MHz 
(VC = VOO, Vin • 1.71 Vdc, VSS = -5 Vdc, 
RMS centered 
@ 0.0 Vdc) 
IRL -1.0 
kill 
- 
54 
- 
IRL = 10 kill 
- 
40 
- 
IRL' 
100 kill 
- 
38 
- 
IRL' 
1.0 Mill 
- 
37 
- 
Feedthrough 
(VSS· 
-5 Vdcl 
- 
- 
5.0 
- 
kHz 


IVc - VSS 
2010910 
Vout• 
-50 
dB) 


• 
Vin 
(RL = 1.0 kill 
- 
1250 
- 
(RL -10knl 
- 
140 
- 
(R L = 100 kill 
- 
18 
- 
(RL' 
1.0 Mill 
- 
2.0 
- 


PIN ASSIGNMENT 


1 
14 


2 
13 


3 
12 


4 
11 


5 
10 


6 
9 


7 
B 


3-52 


Logic Diagram 
Restrictions 


VSS 
~Vin 
~VDD 
VSS 
<Vout 
'S:VDD 


VCOntrol 
V In to Vout 
Resistance 


VSS 
>109 
Ohms 
typ 


VOO 
3:11: 
102 
OhlTlS typ 


V1L = Vc 
when 
Vc 
has been raised 


from 
VSS and when 
IS = 
10 ~A 


VIH = Vc 
when 
Vc 
has been 


lowered 
from 
V DD and when 


IS = 10 ~A 


z 
0;:: 
;t 
Bi 
100 
0~~~ 
f5 
10 


TYPICAL 
RON versus 
INPUT VOLTAGE 


FIGURE 4 - Vss ~ -5.0 V AND -7.5 V 
FIGURE 5 - VSS ~ 0 V 
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TA"250C- 
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VSS" 
-5 0 Vdc 


F"' 


~~:; sV_~~~~~5Vdc 
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I 
I 
I 
I 
I 


100 


600I SOL 
uz 
~ 


400 
~ 
30n 
~ 
Z 
200 
il 
100 


I 
I 


VSS"'OVdc_ 
"-- 
;~:;~o~l_"-- 


f-- VC" VOO" 10 Vdc 
;....-.;.. 
~ 


IL' 


--VC' 
"op' 
15Vdc- 
+-- 


I 
1 


I 
I 


II 


II 


RL ICL 


Vx 
-= 


~VDD 
50% 


'0% 
Vss 


Vin 
= VOO 


Vx 
= 0.0 Vrtc 


('PHL 


~n'O.OVdC 


Vx 
= VOD 


Quan·Tech 
Model 
2283 
or Equiv 
i 
~ 
w 
'"~ 
15 


0>~ 
0z 
5.0 


0 
10 
1.0 k 


I, FREQUENCY 
1Hz) 


~ -2.0 


~ -'.0 
~ 
~ 
-6.0 
..i: -8.0 
~ 


(\--- 
+2.5 
Vdc 
V 
O.OVdc 


-- 
-2.5 
Vdc 


I.OM 


tin. INPUT FREQUENCY 
1Hz) 
II 


B 


® MOTOROLA 


The 
MC14017B 
IS a fivp.·stage 
Johnson 
decade 
CQunter 
with 
built· 


"In code converter 
High speed operation 
and spike-free 
outputs 
are 
obtamed 
by 
use 
of 
a Jc.,hnson 
decade 
counter 
deslgn 
The 
ten 
de 
coded outputs 
are normally 
low. and go htgh 
onlv 
at theH appropriate 
decimal 
time 
period 
The output 
changes occur 
on the POSitive 
go.ng 
edge 
of 
the 
clock 
pulse. 
1hl'i part 
can 
be used 
In frequency 
diVision 
appticatlOns 
as well 
as decade 
counter 
Of decnnal 
decode 
display applications. 


• 
Fully 
Static Operation 
• 
DC Clock 
Input 
CirCUit Allows 
Slow 
R.se 
Times 


• 
Carry 
Out 
Output 
for 
CascadIng 
• 
12 MHz (typical) 
Operation@ 
VDD 
~ 10 Vdc 
• 
Divide·by·N 
Counting 
• 
Quiescent 
Current 
= 5.0 
nA/package 
TYPical 
@ 5 Vdc 
• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 
• 
Capable 
of Driving 
Two 
Low·power 
TTL 
Loads, 
One 
Low·power 
Schottky 
TTL 
Load 
or Two 
HTL 
Loads 
Over 
the 
Rated 
Temper 


ature 
Aa.lge 


• 
Pin-for-Pin 
Replacement 
for 
CD4017B 


Rating 
Symbol 
Value 
Unlf 


DC 
SUpply 
Vol:ag+: 
VDD 
-05w·18 
Vde 


Inpul 
VOltdge. 
All 
Inputs 
V,n 
-0510 
VOO • 05 
Vde 


DC 
Current 
Drain 
pe:.~~n 
I 
10 
mAdc 


Operating 
Tempetalure 
Bange 
- 
AlDe>l,ce 
TA 
·55 w ·125 
°c 


- 
CL 'CP DeVice 
-40 to ·85 


Stor<lge 
Temperdturt> 
Ranl)e 
T Slq 
·65 to '150 
°c 


_ii:u_rf 
16~Jm~!1{l:~1 
16 
i 
. 
1 
I 
. 


I' 
, 
, ~ 
, 
i 
\ 


MC14XXXB 
~SUfl.'" 
O ••.•ot., 
T - L 
C.,.m,c PaCk.v. 
t: P 
Plast.c 
Pack.ave 
A 
E"t.no.o 
Op.,ating 
Tempe'ature 
Range 
C 
L,mited 
Ope'.ting 
Temp.'atur. 
R.nge 


CLOCK 
DECODE 
CLOCK 
ENABLE 
RESE 
T 
OUTPUT 
~ n 


0 
X 
0 
n 


X 
1 
0 
n 


X 
X 
1 
00 
~ 
0 
0 
n.1 
'- 
X 
0 
n 


X 
..r- 
0 
n 


1 
'- 
0 
n.1 


Voo 
Tlow . 
250C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
T,p 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
.- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO - 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO 09.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
< 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO - 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH 
< 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
10H 
mAde 
- 
IVOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
'in 
15 
- 
± 0.1 
- 
.0.00001 
10.1 
- 
, 1.0 
~Adc 


Input 
Current 
(CLlCP 
Devicel 
lin 
15 
- 
± 0.3 
- 
'0.00001 
! 0.3 
- 
, 1.0 
#JAde 


Input 
Capacitance 
Gin 
- 
.. 
- 
- 
50 
7.5 
- 
- 
pF 


IVin = 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJ.Adc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
O.Q1S 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
#JAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
IT' 
(0.27 I'A/kHz) 
I + 100 
J.lAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 10.55 I'AlkHzl1 
+ 100 
Per Package) 
15 
IT = ID.83I'A/kHzl 
I + 100 
ICL 
= 50 pF on all outputs, 
all 


buffers 
switching) 


-Tlow 
= -55°C 
for 
AL 
Device. 
-40oC 
for 
CLlCP 
Device. 


Thigh:: 
+12SoC 
for 
AL 
Oevice, 
+8SoC 
for 
CL/CP 
Device 
. 


.=Noise 
immunity 
spec.:ified 
for 
worst·case 
input 
combination. 


NOise 
Margin 
for 
both 
"1" 
and 
"0" 
level:=" 
1.0 Vdc 
min@ 
VOD 
=< S.O Vdc 


2.0 
Vdc 
min 
@ VDD 
:: 10 Vdc 


2.5 
Vdc 
min 
@ VOO 
:: 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


'TICL) 
- ITI50 pFI + 1.1 >i 10-31CL 
-501 
VOOI 


where: 
IT 
is In IJ.A (per 
package), 
CL 
in pF, 
VOO 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


- -The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 2SoC. 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
f3 


5 
12 


6 
11 


10 


8 
9 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
egainst 
damage 
due 
to 
high 
static 


Yoltages 
or 
electric 
fields; 
hOW'lllever. 
it 
is 


advised 
that 
normal 
precauttons 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rat.d 
Yoltages 
to 
this 
high 


impedance 
circuit. 
For 
prop.r 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
" 
IVin 
or 


Vout) 
< VOO- 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 
ilSS or VOOI. 


II 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vd. 


Output Rise Time 
ITLH 
ns 


tTLH = 13.0 ns/pF) Ci. + 30 ns 
5.0 
- 
100 
200 


ITLH = 11.5 ns/pF) CL + 15 ns 
10 
- 
50 
100 
tTLH = (1.1 ns/pF) CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
ns 


ITHL' 
11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL = 10.75 ns/pFI CL t 12.5 ns 
10 
- 
50 
100 


tTHL' 
10.55 ns/pFI CL t 12.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 


I 


tpLH. 
I 
ns 


Reset 
to Decade 
Output 
tPHL 


I 


tPLH. IPHL = 11.7 ns/pFI CL t 415 ns 


I 


5.0 
- 
500 
1000 


tPLH. IPHL = 10.66 ns/pFI CL t 197 ns 
10 
- 
230 
460 


IPLH. IPHL = 10.5 ns/pF) CL t 150 ns 
15 
- 
175 
350 


Propagation 
Delay Time 
IpLH. 
ns 
Clock to Cout 
tPHL 
tPLH. tPHL = (1.7 ns/pF) CL + 315 ns 
- 
5.0 
- 
400 
800 


tPLH. tPHL = 10.66 ns/pFI CL t 142 ns . 
10 
- 
175 
350 
tpLH. 
tpHL = 10.5 ns/pFI CL t 100 ns 
15 
- 
125 
250 


Propagation 
Delay Time 
• 
tPLH. 
ns 
Clock to Decode Output 
tPHL 
tpLH. 
IPHL = 11.7 ns/pFI CL + 415 ns 
5.0 
- 
500 
1000 


tPLH. tPHL = 10.66 ns/pFI CL t 197 ns 
10 
- 
230 
460 
tpLH. 
IpHL = 10.5 ns/pFI CL t 150 ns 
15 
- 
175 
350 


Turn-Off 
Delay Time 
tPLH 
ns 
Reset to Cout 


I 
tPLH = 11.7 ns/pFI CL + 315 ns 
5.0 
- 
400 
800 
tPLH = 10.66 ns/pF) CL t 142 ns 
+--- 


10 
- 
175 
350 
tpLH' 
10.5 ns/pFI CL t 100 ns 
15 
- 
125 
250 


Clock Pulse W"idth 
-----s.o--- 
- 250 
125 
- 
ns 
10 
I 
100 
50 
- 
15 
75 
35 
- 


Clock Frequency 
fel 
5.0 
- 
5.0 
2.0 
MHz 
10 
- 
12 
5.0 
15 
- 
16 
6.7 


Reset Pulse Width 
twH 
5.0 
500 
250 
- 
ns 
10 
250 
125 
- 
15 
190 
95 
, 


Reset Removal Time 
: 


trem 
5.0 
750 
375 


~ 
i 


10 
275 
135 
15 
210 
105 


Clock Input Rise and Fall Time 
!'TLH. 
tTHL 
5.0 
I 
- 


I 


10 
No Limit 
15 


Clock Enable Setup Time 
! 
tsu 
5.0 
350 
175 
- 
ns 


! 


10 
150 
75 
- 


15 
115 
52 
- 


Clock Enable Removal Time 


I 


trem 
5.0 
420 
260 
- 
ns 
10 
200 
100 
- 


15 
140 
70 
. 


06 


07 
as 


09 


Clock 
Cout 


OUTPUT 
OUTPUT 
SINK ORIVE 
SOURCE DRIVE 


Clock to 


DECODE 
(SI 
IDA) 
desired 


OUTPUTS 
outputs 
(S1 to BI 


Clock 
to 5 
Carry 
thru 
9 
S1 to A 


(51 
to B) 


VGS 
- 
VOO 
- 
VOD 


Vos 
:0 
Vout 
Vout 
- Voo 


APPLICATIONS 
INFORMATION 


Figure 
3 shows 
a technique 
for extending 
the 
number 
of decoded 
output 
states 
for the 
MC14Q17B, 
Decoded 
outputs 
are sequential 
within 
each 
stage and from 
stage to stage, with 
no dead time 
(except 
propagation 
delay), 


00 


01 


Clock 
E.nabht 
02 


03 


04 


Reset 
05 


06 
'e 
07 


Clock 
08 


II 


II 


® MOTOROLA 


The 
MC14018B 
contains 
five Johnson 
counter 
stages which 
are 
asynchronously 
presettable 
and 
resettable. 
The 
counters 
are 
syn- 


chronous, 
and increment 
on the positive 
going edge of the clock. 


Presetting 
is accomplished 
by a logic 1 on the preset 
enable 
input. 
Data 
on 
the 
Jam 
inputs 
will then 
be transferred 
to their 
respective 
a outputs 
(inverted). 
A logic 
1 on 
the 
reset 
input 
will 
cause 
all 
Q outputs 
to go to a logic 1 state. 


Division 
by 
any 
number 
from 
2 to 
10 can 
be accompl 
ished 
by 
connecting 
appropriate 
Q outputs 
to 
the 
data 
input, 
as shown 
in 
the 
Function 
Selection 
table. 
Anti-lock 
gating 
is included 
in the 
MC14018B 
to assure 
proper 
counting 
sequence. 


• 
Fully 
Static 
Operation 
• 
Medium 
Speed 
- 
6.5 MHz typical 
@ 10 V 
• 
Schmitt 
Trigger 
on Clock 
Input 
• 
Capable 
of Driving 
Two 
Low-Power 
TTL 
Loads, 
One 
Low-Power 
Schottky 
TTL 
Load or Two HTL Loads 
Over the 
Rated 
Temperatu 
re Range 
• 
Pin-for-Pin 
Replacement 
for CD40188 


MAXIMUM 
RATINGS 
(Voltages 
,efe,enced 
to VSSI 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 
to VDD 
+ 05 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- AL 
DeVice 
TA 
-55 
to "'25 
°c 


CLlCP 
DeVIce 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-6510+150 
°c 


This 
device 
contain~ circuitry 
10 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static voltages or electric fields; however, 
it 
1$ advised that normal precautions be 
taken to avoid application 
of any voltage higher than maximum 
fated voltages to 


this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that 
Vin 
and 
Vout be constrained to the range VSS'" 
(Vin or Voutl':;; Vaa· 


Unused 
inputs 
must 
always be tied to an appropriate 
logic voltage 
level (e.g., 


either VSS or Vaal. 


PRESETTABlE 
DIVIDE-BY-N 
COUNTER 


_'_n 


,.. 
1 ~ SUFFIX 
' P ~UF~IX 
~ 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
620 
CASE 
648 


MC14XXXB ~su~t;XC.::i:t::'kag. 
L. P 
Pla,tlc 
Package 


A 
EAtended 
Operating 
Temperature 
Range 


C 
limIted 
Operating 


Temperature 
Range 


Preset 
.10m 


Clock 
Reset 
Enable 
Input 
an 
"- 
0 
0 
x 
an 
~ 
0 
0 
x 
On 
X 
0 
1 
0 
1 
-- -- 
X 
0 
, 
1 
0 
~-X 
1 
X 
X 
, 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


II 


Voo 
Tlow . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
M •• 
Min 
TVp 
M •• 
Min 
Max 
Unit 


OUIPut 
Voltage 
"0" 
Level 
VOL 
50 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V.n=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
005 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V1n 
= 0 or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
V,L 
Vdc 


(VO • 4.5 0' 0.5 Vdc) 
50 
- 
1.5 
2.25 
1.5 
- 
1.5 
IVO: 
9.0 0,1.0 
Vdcl 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO' 
13.5 0".5 
Vdcl 
15 
- 
4.0 
675 
4.0 
- 
4.0 


"'" 
Level 
V,H 


IVO' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va = 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va·' 
5 or 13.5 Vdcl 
15 
110 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Dove 
Current 
(AL 
DeVice) 
'OH 
mAde 


IVOH ~ 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH 04.6 Vdc} 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
SInk 
'OL 
5.0 
0.64 
- 
051 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
34 
88 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
DeVice) 
'OH 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
_. 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
'OL 
50 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
24 


Input 
Current 
(AL DeVIce) 
lin 
15 
,01 
'0.00001 
to 
1 
- 
!.10 
/-JAde 


Input 
Current 
{CUe? 
Devicel 
I,n 
15 
'03 
- 
!ODDOOl 
! 0.3 
I 
! 10 
.uAdc 


Input 
Capacitance 
Gin 
- 
- 
50 
7.5 
pF 


(Vin 
0) 


QUiescent 
Current 
(AL 
Devlcel 
100 
50 
- 
50 
- 
0.005 
5.0 
- 
150 
.uAdc 


(Per Package) 
10 
10 
- 
0.010 
10 
300 


15 
20 
- 
0.015 
20 
600 


QUiescent Current 
(CLle? 
Devlcel 
'DO 
50 
- 
20 
0.005 
20 
150 
/JAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current·· 
t 
IT 
5.0 
'T' 
10.3~A/kHz) 
f + 100 
/JAde 
(DynamiC 
plus 
Quiescent, 
10 
'T: 
10.7~A/kHz) 
f + 100 


Per Package) 
15 
IT = (1.0 ~A/kHz) 
f + 100 


ICL 
SO pF on all outputs, all 


buffp.rs sWitching' 


-Tlow 
" -55°C 
for AL DeVice, -40oC 
for CL/CP 
Device. 


Thigh:= +1250C 
for AL Device. +850C 
for CL/CP 
DeVice. 
#Noise Immunity 
sp~t:ified for worst-case input combination. 


NOise Margin for both "'" 
and "0" level'" '.0 Vdc min@VOD 
""5.0 Vdc 
2.0 Vdc min @VOO 
"10 
Vdc 
2.5 Vdc min@VOO 
·15 
Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'TICL) 
= 'T(50 pF) t 1 • 10-3 ICL -SOl VOO' 
where: IT is in JJA (per package). CL in pF, VDD 
in Vdc, and f in kHz is input frequency. 


- -The 
formulas given are for the typical characteristi~s 
only at 2SoC. 


Voo 
All Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
M•• 
Unit 


Output 
Rise and Fall Time 
'TLH.'THL 
ns 


ITLH. 
'THL 
= 11.35 ns/pFI 
CL + 32 ns 
5.0 
- 
100 
200 


'TLH. 
'THL 
= (0.6 ns/pFI 
CL + 20 ns 
10 
- 
50 
100 


ITLH. 
'THL 
= 10.4 ns/pFI 
CL + 20 ns 
15 
- 
40 
80 


Propagation Delay Time 
'PLH. 
ns 


Clock to a 
'PHL 
'PLH.'PHL 
= 10.90 ns/pFI 
CL + 265 ns 
5.0 
- 
310 
620 


'PLH.'PHL 
= 10.36 ns/pFI 
CL + 102 ns 
10 
- 
120 
240 


'PLH.'PHL 
= 10.26 ns/pFI 
CL + 72 ns 
15 
- 
85 
170 


Reset to a 
ns 


tpLH 
= 10.90 ns/pFI 
CL + 325 ns 
5.0 
- 
370 
740 


'pLH 
= 10.36 ns/pFI 
CL + 132 ns 
10 
- 
150 
300 


'pLH 
= 10.26 ns/pFI 
CL + 81 ns 
15 
- 
100 
200 


Preset Enable to Q 
ns 


'PLH.'PHL 
= 10.90 ns/pFI 
CL + 325 ns 
5.0 
- 
370 
740 
'pLH.'PHL 
= 10.36 ns/pFI 
CL + 132 ns 
10 
- 
150 
300 


tPLH.IPHL 
= 10.26 ns/pFI 
CL + 81 ns 
15 
- 
100 
200 


Setup 
Time 
' 
su 
ns 
Data (Pin 1) to Clock 
5.0 
200 
0 
- 


10 
100 
0 
- 
15 
80 
0 
- 


Jam Inputs to Preset Enable 
5.0 
200 
0 
- 
ns 
10 
100 
0 
- 
15 
80 
0 
- 


Data lJam 
Inputsl-to·Preset 
'h 
5.0 
540 
270 
- 
ns 
Enable Hold Time 
10 
500 
250 
- 


. 15 
480 
240 
- 


Clock Pulse Width 
'WH 
5.0 
400 
200 
- 
ns 
10 
200 
100 
- 
15 
160 
80 
- 


Reset or Preset Enable 
twH 
5.0 
290 
145 
- 
ns 
Pulse Width 
10 
130 
65 
- 
15 
110 
55 
- 


Clock Rise and Fall Time 
'TLH.'THL 
5.0 
n. 
10 
No Limit 
15 


Clock Pulse Frequency 
lei 
MHz 
5.0 
- 
2.5 
1.25 
10 
- 
6.5 
3.25 
15 
- 
8.0 
4.0 


••.The formulae 
given are for the typical 
characteristics 
only. 


FIGURE 
1 - 
SWITCHING 
TIME WAVEFORMS 


II 


II 


Divide 
by 10 


Divide 
bV 8 
Divide 
by 6 
Divide 
by 4 
Divide 
by 2 


Divide 
by 9 
Divide 
by 7 
Divide by 5 
Divide 
by 3 


Connect 


Data 
Input 
(pin 1) to: 
Comments 


tiS 
04 
No external 
0:3 
components 
needed. 
tl2 
0' 
05.04 
04.03 
03.02 
02e01 


i 
I 
; 


III 


I 
I 
I 
00,.'1 C.re 
U"t,/P._, 
[nat.>le 
(;o••s H'1Ih 
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14·BIT BINARY 
COUNTER 


The MC14020B 14-stagebinary counter is constructed with MOS 


P·channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single mono 
olithic 
structure. 
This part is designed with an input wave shaping 


circuit 
and 14 stages of ripple-carry 
binary counter. 
The device 
advances the count on the negative-going edge of the clock pulse. 
Applications 
include time delay circuits, counter controls, and fre- 


quency-dividing 
circuits. 


• 
Fully Static Operation 


• 
Quiescent Current "5.0 nA/package typical 
@ 
5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capableof Driving Two Low-power TTL Loads, One Low·power 
Schottky TTL Load orTwo 
HTL Loads Over the Rated 
Temperature Range 


• 
Low Input Capacitance = 5.0pF typical 


• 
Buffered Outputs Available from stages 1 and 4 thru 14 


• 
Common Reset Line 


• 
13 MHz Typical Counting Rate @ VDD = 15V 


• 
Pin·for·Pin Replacement for CD4020B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-<J.5to Voo 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


..~.~II 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


MOO" "'11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
E xlended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 


Temperalure 
Range 


CLOCK 
RESET 
OUTPUT STATE 


...J 
a 
No Change 
'- 


a 
Advance 
to ne •. t 
state 


X 
1 
All Outputs ar. low 


06 
'" P n 4 
Q7 
." P n 6 
Oa,,;,Pn13 


09 
z 
Pin 
12 
Q10:a 
Pin 
14 
011 
= 
Pin 
15 


II 


Voo 
Tlow. 
25°C 
Thl h- 


Characteristic 
Symbol 
Vd< 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Ma. 
Unit 


OutpUI 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
.- 
0 
0.05 
-- 
005 
Vd< 


Vin 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
.- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
005 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vd< 


Von 
o or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
_. 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage:: 
"0" Level 
VIL 
Vdc 


1VO - 4.50< 
0.5 Vdcl 
5.0 
- 
1.5 
-- 
2.25 
1.5 
- 
1.5 


1VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


evO 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
40 
- 
4.0 


"'" 
Level 
VIH 
(Va 
= 0.5 or 4.5 VdcJ 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO" 
5 or 13.5 VdcJ 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL DeVice) 
10H 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1. 
7 
- 


1VOH - 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOl 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP DeVice) 
10H 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL • 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
088 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
'01 
,000001 
'01 
- 
~ 1.0 
/-lAde 


Input Current 
(CLlCP Device) 
lin 
15 
- 
,03 
'000001 
'0.3 
- 
"0 
~Adc 


Input 
Capacitance 
Cin 
- 
- 
_. 
50 
7.5 
- 
- 
pF 


(Vin 
~-OJ 


Quiescent 
Current 
(AL 
Devicel 
100 
5.0 
- 
50 
- 
0.005 
5.0 
- 
150 
/-lAde 
(Per Packagel 
10 
.- 
10 
.- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
pAde 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current· 
• t 
IT 
50 
IT - (0.42 .AI~Hzl 
f 
• 
IDO 
pAde 


(Dynamic 
plus 
Quiescent, 
10 
IT • 10.85 .A/kHzl 
f 
• 
100 
Pel Package) 
15 
IT' 
(1.43 .A!kHzl 
f 
+ 'DO 
ICL '" 50 pF on all outputs, 
all 
buffers switching) 


·Tlow 
:; -5SoC for AL Oevice, 40°C 
for CLlCP Device. 


Thigh'" 
+1250C for AL Device. +8SoC for CL/CP Device. 
NNrnse immunity 
specified for worst-case input combination. 


Noise Margin for both 
"1" 
and "0" 
level 
=- 1.0 Vdc min@VOO 
z 5.0 Vdc 


2.0 Vd< min @ VOO 
• 10 Vd< 
2.5 Vd< min @ VOO 
= 15 Vdc 


tTo calculate total supply current 
at loads other than SOpF: 


IT1Cll' 
ITI50 pF! + 1 • 10-3 
ICL -501 VOO' 
where: IT is in IAA (per packagel, CL in pF. VOD in Vdc. and f in kHz is input frequency . 


• ·The formulas 
given are for the typical 
characteristics 
only at 2SoC. 


This device contains circuitry 
to protect 
the inpUts against damage due to htgh static voltages or electric fields: however. it is ad- 


vised that 
normal precautions 
be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS '" (Vin or Vout) 
O<;VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VOOI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vde 


~tPut 
Rise ·Time 
'TLH 
---_. 


n. 
'TLH 
= (3.0 n./pFI 
CL + 30 n. 
5.0 
- 
100 
200 
'TLH 
= (1.5 n./pFJ 
CL + 15 n. 
10 
- 
50 
100 


I 
tTLH 
= (1.1 n./pFI 
CL + 10 n. 
15 
- 
40 
.80 


Output 
Fall TIme 
'THL 
n. 


'THL 
= (1.5 n./pFJ 
CL + 25 n. 
5.0 
- 
100 
200 
tTHL= 
lO.15 n./pFI 
CL + 12.5 n. 


I 


10 
- 
50 
100 
tTHL= 
10.55 n./pFJ 
CL + 9.5 n. 
15 
- 
40 
80 
r-p~opagatjon 
Delay -Time 


I 


IPLH. 
n. 


Clock to 01 
tPHL 
tPHL. 
tpLH 
= (1.7 n./pFI 
CL + 315 n. 
5.0 
- 
400 
750 
IPHL. 
tpLH 
= lO.66 n./pFI 
CL + 137 n. 
10 
- 
170 
300 
tPHL. 
tPLH 
= 10.5 n./pFI 
CL + 95 n. 


I 


15 
- 
120 
230 


Cloc~ 10 014 
--- 
f---- 
~. 


tpHL. 
tpLH 
= 11.7 n./pFI 
CL + 2715 n. 
5.0 
- 
2.8 
5.6 


IPHL. 
IPLH 
= 10.66 n./pFI 
CL + 967 n. 
10 
- 
1.0 
2.0 


tPHL 
'PLH 
= 10.5 n./pFI 
CL + 575 n. 
15 
"- 
0.6 
1.5 


PrOP;gat;on 
Delay Time - 


! 


- 
- 


'PHL 
n. 
Reset to an 
I 
tPHL 
= (1.7 n./pFI 
CL + 510 n. 


I 
5.0 
- 


I 


595 
3500 
tPHL 
= lO.66 n./pFI 
CL + 197 n. 
10 
- 
230 
900 
tPHL 
= lO.5 n./pFI 
CL + 155 n. 
15 
_. 
I 
180 
680 


ClOCk 
Pulse Width 
tWH 
5.0 
500 
140 
n. 
10 
"65 
55 
- 


15 
125 
38 
- 
Clock Pulse Frequency 
lei 
5.0 
- 
3.5 
1.0 
MHz 
10 
- 
9.0 
3.0 
15 
- 
13 
4.0 


Clock Rise and Fall Time 
tTLH.'THL 
5.0 
- 


10 
No Limit 


"R""esetPulse Width 
15 


tWL 
5.0 
3000 
320 
- 
n. 
10 
550 
120 
- 


15 
420 
80 
- 


--1 r-- 20 n, 
~t--VDD 
']\--vss 


50% 
Duty 
C.,.cle 1--- 


II 


II 


Clock 
L..J1..f"UL..r --U --U --U --U --U --U --U --U --U --U --U l.J 
--U 


Reset 
---,~ 
_ 


01 
~ 
L- L- L- L- L- L- L- L- L- L- L- L- L- 


04 
~ 
L- L- L- "l- L- L- L- L- L- L- 


05 
~ 
L- L- L- L- L- L- L- L- L- 


06 
~~ 
L- L- L- L- L- L- L...., 
L- 


07 
~~ 
L- L- L- L- L- L- L- 


08 -- 
~ 
L- L- L- L- L- L- 


09 
~~ 
L- L- L- L- L-=.. 


010 
--- 
~~ 
L- L- L- L- 


011 
11.- 
L- L- L- 


012 
~ 
L- L- 


013 
~~ 
L- 


014 
~~ 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


® MOTOROLA 


The 
MC14014B 
and 
MC14021 
B 8-bit 
static 
shift 
registers 
are 
constructed 
with 
MOS P-channel 
and N-channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure_ 
These 
shift 
registers 
find 
primary 
use in parallel-ta-serial data conversion, synchronous and 
asynchronous 
parallel 
input, 
serial output 
data 
queueing; 
and other 
general 
purpose 
register 
applications 
requiring 
low 
power 
and/or 
high noise 
immunity. 


• 
Quiescent 
Current 
~ 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Synchronous 
Parallel 
Input/Sepal 
Output 
(MC14014BI 


• 
Asynchronous 
Parallel 
Input/Serial 
Output 
(MC14021 
BI 


• 
Synchronous 
Serial 
Input/Serial 
Output 


• 
Full Static Operation 
from DC to typical 6.0 MHz at 10 V VDD 
• 
"Q" 
Outputs 
from 
Sixth, 
Seventh. 
and Eighth 
Stages 


• 
Double 
Diode 
Input 
Protection 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
low'power 
TTl 
loads, 
One low-power 
Schottky 
TTl 
load 
to Two 
HTl 
loads 
Over the Rated 
Temper- 


ature 
Range. 
• 
MC14014B 
Pin-for-Pin 
Replacement 
for CD4014B 
• 
MC14021B 
Pin-for-Pin 
Replacement 
for CD4021B 


II 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACt<AGE 


CASE 
648 


MC14XXXB 
Suffix 
Oeflotes 
T T - L 
Ce<amoc 
Pac.age 
L. P 
Plastic 
Package 
L 


A 
EX,tended 
OperatIng 


T~fY'lperature 
Range 


C 
LUTHted Operating 


L 
T_emoerature 
Range 


TRUTH 
TABLE 
SERIAL 
OPERATION, 


06 
07 
08 


t 
CLOCK 
Os 
PIS 
t'"' 0+6 
t :::n-+7 
t~, n+8 


n 
.....r- 
0 
0 
0 
, 
, 


n" 
.....r- 
, 
0 
1 
0 
, 


n+ 2 
.....r- 
0 
0 
0 
, 
0 
n'3 
.....r- 
1 
0 
, 
0 
1 
~ 
X 
0 
06 
07 
08 
~"" 
O[mAO,:-'T-_- 
'---I 
CLOCK 
. 
I 
I. 
."""..'i"'4~,::-rMl~·j 
~-H.X"-+0 
0 
-_~ 
- x--~nJi~_i-l-T~ 


·06. 
Q7. 
& 08 
are o'tvadable 
exterr"atly 


X : 
Don't 
Care 


Rating 
Symbol 
Value 
Unit 


DC 
SUJJtJiy 
Vllltaqp 
VOD 
-05 
to +18 
Vdc 


Input 
Vultdge, 
All 
inputs 
V,n 
-05 
to VUO • 05 
Vdc 


DC Cur,.~nt Dfit,n 
per 
P,n 
I 
'0 
mAne 


Operdl1ng 
Temprrature 
Rlnge 
AL 
De .••.'ee 
TA 
-55 
to +125 
"c 
cuep 
DeVice 
-40 to ~8!) 


Storage 
Tempefdture 
Range 
TS19 
-65 
to +150 
°c 
- 


II 


® MOTOROLA 


The MC14022B is a four'stage Johnson octal counter with built·in 
code converter. High·speed operation and spike·free outputs are ob- 
tained by use of a Johnson octal counter design. The eight decoded 
outputs are normally low, and go high only at'their appropriate octal 
time period. The output changesoccur on the positive·going edgeof 
the clock pulse. This part can be u,.,d in frequency division appli· 
cations as well as octal counter or octal decode display applications. 


• 
Fully Static Operation 
• 
DC Clock Input Circuit Allows Slow Rise Times 
• 
Carry Out Output for Cascading 
• 
12 MHz (typical) Operation @VDD;' 
10 Vdc 
• 
Divide·by·N Counting 
• 
Quiescent Current = 5.0 nA/package Typical @5 Vdc 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 
• 
Pin-far-Pin Replacement for CD4022B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 
to .18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
'A 
mAde 


Operating 
Temperature 
Range 
-- AL 
DeVice 
TA 
-55 to .125 
°c 


CLlCP 
DeVIce 
-40 to +85 


Storage Temperature 
Range 
T stg 
--65 to +150 
°c 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


MC'4XXXB ~SU~fl:.::I:t::Ck.g. 
t= P 
PI •• tic 
Package 


A 
Extended 
Operating 
Temper.tur. Rang. 
e 
Limited 
Operating 
Temperatur. 
Range 


~ 


CLOCK 
ENABLE 
RESET 
OUTPUT 
- n 
0 
X 
0 
n 


X 
1 
0 
n 
.;- 
0 
0 
n" 
'- 
X 
0 
n 


1 
--.... 
0 
0>' 


X 
-r 
0 
n 


X 
X 
I 
on 


00 


01 
02 
03 
04 
05 
06 
07 


Cout 
R.set 
15 


VOD 
z 
Pin 16 
VSS·Pin8 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Mi" 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
Vao 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO . 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO 
0 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 
Output Drive Current (AL Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
±0.1 
- 
'0.00001 
to.l 
- 
± 1.0 
jJAdc 


Input Current (CLlCP Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
jJAdc 


Input 
Capacitance 
Cin 
- 
.. 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vi~ = 01 


Quiescent 
Current 
tAL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
jJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.Q15 
20 
- 
600 
Quiescent Current (CLlCP DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
jJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
.- 
600 
Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = 10.28 "A/kHz) 
, + I DO 
IJAdc 
(Dynamic 
plus 
Quiescent, 
10 
IT = 10.56 "A/kHz) 
f + 100 
Per Package) 
15 
IT' 
10.85 "A/kHz) 
f + 100 
(CL '" 50 pF on all outputs, all 
buffers switching) 


-Tlow 
= -SSoC for AL Device, -400C for CLlCP Device. 
Thigh = +12SoC for AL Device, +8SoC for CLlCP Device. 
~Noise immunity 
spec.;ifiedfor worst·case input combination. 


Noise Margin for bOth "1" and "0" level = 1.0 Vdc min@VDD 
= S.OVdc 
2.0 Vdc min @ Voo 
= 10 Vdc 
2.5 Vdc min @ Voo 
= 15 Vdc 


tTo calculate total supply current at loads other than SOpF: 


ITICL) 
c 
11'150pF) + 1.25.10-3 
ICL -50) 
Voo' 
where: IT is in JlA (per package), CL in pF, VOD in Vdc. and f in kHz is input frequency. 


"The 
formulas given are for the typical characteristics only at 2SoC. 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


NC = No Connection 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 
Vdc 


OutPUt Rise Time 
tTLH 


I 


ns 


tTLH· 
13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 


tTLH· 
11.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 
I 
tTLH 
= 11.1 ns/pFI 
CL + 10 ns 
15 
- 
40 
80 


output FaiiT~- 
-- 
_. -- 
- --- 
ns 
tTHL 
tTHL 
= 11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL· 
10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL· 
10.55 ns/pFI 
CL + 12.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
- -- 
tPLH. 
ns 


Reset to Decode Output 
tpHL 
tPLH. 
tPHL 
• (1.7 ns/pF) 
CL + 415 ns 
5.0 
- 
500 
1000 


tpLH. 
tpHL 
• 10.66 ns/pF) 
CL + 197 ns 
10 
- 
230 
460 


~-!..L~tpH~(~.~~s/pFl 
C~_ + 150 ns 
15 
- 
175 
350 


Propagation Delay Time 
tPLH. 
ns 


Clock to Cout 
tPHL 


tpLH. 
tpHL 
= 11.7 ns/pFI 
CL + 315 ns 
5.0 
- 
400 
800 


tPLH. 
tPHL 
= 10.66 ns/pFI 
CL + 142 ns 
10 
- 
175 
350 


tpLH. 
'pHL 
• 10.5 ns/pFI 
CL + 100 ns 
15 
- 
125 
250 


Propagation Delay Time 
'pLH. 
ns 


Clock to Decode Output 
'PHL 


I 


IPLH. 
'PHL 
= 11.7 ns/pF) 
CL + 415 ns 
5.0 
- 
275 
1000 


IPLH. 
'pHL 
= 10.66 ns/pFI 
CL + 197 ns 
10 
- 
125 
460 


'pLH. 
tpHL 
= 0.5 ns/pFI 
CL + 150 ns 
15 
- 
95 
I 
350 


Turn-Off 
Delay Time 
'pLH 
n. 


Reset to Cout 
'pLH 
= 11.7 ns/pF) 
CL + 315 ns 
5.0 
- 
400 
800 


'PLH' 
10.66 ns/pF) 
CL + 142 ns 
10 
- 
175 
350 


'PLH 
• (0.5 ns/pF) 
CL + 100 ns 
1~ 
- 
125 
250 


Clock Pulse Width 
twH 
5.0 
250 
125 
ns 
10 
100 
50 
- 
15 
75 
35 
- 


Clock Frequency 
Icl 
5.0 
- 
5.0 
2.0 
MHz 
10 
- 
12 
5.0 


-15 
- 
16 
6.7 


Reset 
Pulse Width 
twH 
5.0 
500 
250 
- 
n. 
10 
250 
125 
- 


. 
15 
190 
95 
- 


Reset Removal Time 
trem 
5.0 
750 
375 
- 
n. 
10 
275 
135 
- 


15 
210 
105 
- 


Clock Input Rise and Fall Time 
trLH.'THL 
5.0 
10 
No Limit 
15 


Clock Enable Setup Time 
tsu 
5.0 
350 
175 
- 
n. 
10 
150 
75 
- 


15 
115 
52 
- 


Clock Enabte Removal Time 
tram 
5.0 
420 
260 
- 
n. 
10 
200 
100 
- 


15 
140 
70 
- 


This device contains circuitry 
to protect 
the inputs against damage due to high Itatic voltages or electric fields; however, it is ad· 


vised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained to the range VSS ..; (Vin or Vout) 


" VOO' 
Unused inputs must alwavs be tied to an appropriate 
logic voltage level te.g.. either Vss or VOO). 


Output 
Output 


Sink Drive 
Source Drive 


Clock to desired 
Output 
Outputs 
(51 to Al 
(51 
to B) 


Clock 
to as 
Carry 
thru07 
S1 to A 
(S1 to Bl 


VG5 
- 
VOO 
-VOD 


VOS' 
Vout 
Vout 
-VDD 


SOOjJ.F 


00 


01 


Clock 
Enable 
02 


03 


04 


Reset 
05 


06 


Ie 
07 
Clock 
Cout 


APPLICATIONS 
INFORMATION 


Figure 3 shows a technique for extending the number of decoded output 
states for the 
MCl4022B. 
Decoded outputs are sequential within 
each stage and from stage to stage, with no 
dead ti me (except propagation delay). 


FIGURE 
3 - 
COUNTER 
EXPANSION 


A 
A 
A 
C 
C 
C 
MC14022B 
MCl4022B 
MC14022B 
CE 
CE 
CE 


00 
01. . • 06 
07 
0001. 
. .06 


~ 
~ 
7 Decoded 
6 Decoded 
Oulput\ 
Outputs 


Clock 


First Stage 
Intermediate 
Stages 
Last Stage 


20n.-jf- 


I 


tPLH_H- 
I 
--j I--'THL 


I 
I 


--j f-- tPLH 
;C\ 
190~ 
10% 


'TLH --1 ~ --i f-- 


I 


I 
I 


I 
I~ 
--jf- 
Jib 
~tPHL 
/1\----- 
I, 


'TLH ---ir-r f-- 'THL 


tPHLF 


I 
I 


I 
VOL 


---1 
I-- 'PLH 
'L:l__ 
VOL 


'TLH --J I-- --j f.:= 'THL 


® MOTOROLA 


The MC14023B 
and MC14023UB 
are constructed 
with P and N channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure 
(Comple- 


mentary 
MaS). 
Their 
primary 
use 
is where 
low 
power 
dissipation 
and/or 
high 
noise 
immunity 
is desired. 


• 
Quiescent 
Current 
= 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typ 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 1B Vdc 


• 
All Outputs 
Buffered 
(MC14023B 
only) 


• 
Capable 
of Driving 
Two 
low-power 
TTl 
loads, 
One low-power 
Schottky 
TTl 
load 
or Two HTl 
loads 
Over the Rated 
Temper' 


ature 
Range. 
(MC14023B 
only) 


• 
Double 
Diode 
Protection 
on All Inputs 


• 
Pin-for-Pin 
Replacements 
for CD4023B 
and CD4023UB. 


Rating 
Symbol 
Value 
Unit 


DC Supplv Voltage 
VDD 
-05 
to .•.18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05IOVDD 
.05 
Vdc 


DC Current Dretln per Pin 
I 
'0 
mAde 


Operating Temperature 
Range 
AL Device 
TA 
-55 to .'25 
°c 
Cl/CP 
DeVice 
-40 
to +a5 


Storage Temperature 
Range 
T"g 
-65 to + '50 
°c 


See the 
MC14001 
B data 
sheet 
for complete 
characteristics 
of the 
B-Series device. 


See the MC14001UB 
data sheet 
for complete 
characteristics 
for the 
UB device_ 


VDD 
d 


8'6"3~ 
9 
V55 


J-<>9,6,10 
~-----Jv55 


MC14023B 
MC14023UB 


,_..• 


L SUFFIX 
P SUFFIX II 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CAse 
632 
CASE 
646 


ORDERING 
INFORMATION 
MC14XXXJ'I~'~',..=~'.:._ 


or US, 
P 
Plastic 
Package 


asapplicable 
A ~::~=:::u~:~:~I;: 


C 
Limited 
Oparating 
Temperatur. 
Range 


LOGIC 
DIAGRAM 
:3=Cr-9 


Voo 
- Pin 14 


VSS'" 
Pin 
7 
"3=Cr- 
12 
10 


13 
. 


This 
de..,ice 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 


to high static 
voltages or electric 
fields. 
however. 
It IS advised that nor· 


mal precautions 
ba taken to avoid application 
of any voltage higher than 
maxImum 
rated 
voltages 
to 
this 
hi~h 
impedance 
circuit. 
For 
proper 


ope,ation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 


range VSS <; (Vin 
or Vout):S;;;; VOO' 


Unused 
inputs 
must always be tied to an appropriate 
logic voltage level 


(e.g., either 
VSS or VOO)· 


® MOTOROLA 


The MC 140248 
is a seven stage ripple counter with short propagation 
delays 
and high maximum 
clock 
rates. 
The Reset input 
has standard 
noise immunity 
(typically 
45% 
of VDD), however 
the Clock input has in- 
creased noise immunity 
due to Hysteresis, 
with no maximum 
Clock input 
rise or fall time. 
The output 
of each counter 
stage is buffered. 
II 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 
• 
Diode Protection on Alii 
nputs 


• 
Output 
Transitions Occur on the Falling Edge of the Clock Pulse 


• 
8·MHz Operation 
@ VDD = 10 Vdc typical 


• 
Exceedingly Slow Input Transition 
Rates may be Applied 
to the 
Clock Input 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper· 
ature Range 


• 
Pin·for·Pin Replacement for CD40248 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5'0+18 
Vdc 


Input 
VoltC'ge, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
'0 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
TSt9 
-65 '0 +'50 
°c 


03'" 
Pin 9 
Q4: 
Pin 6 
as = Pin5 


SEVEN STAGE 


RIPPLE COUNTER 


.._.- 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


"""" 
1~SUff;'Oenot•• 


L 
Ceramic 
Package 
P 
Plastic Pack.,,_ 


A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 
Temperatur. Range 


Voo 
Tlow . 
25°C 
Thi 
h' 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
M•• 
Min 
M•• 
Unit 


Outpul 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage;': 
"0" Level 
Vil 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
1.5 
- . 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdd 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
13.5 
or 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
level 
VIH 
(VO 
0.5 
or 4.5 
Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
1.0 Or 9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO 
~ 1 5 or 
135 
Vdcl 
15 
11.0 
- 
11.0 
8.~5 
- 
11.0 
- 


Output 
Drive Current 
IAL DeVice) 
10H 
mAde 


(VOH - 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH " 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
SInk 
10l 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOt 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10l 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input'Current 
IAL 
Devlcel 
lin 
15 
- 
to.l 
- 
'0.00001 
to.l 
- 
! 1.0 
IJAdc 


Input 
Current 
(CL/CP 
DeVice) 
lin 
15 
- 
±03 
- 
10.00001 
'0.3 
- 
! 1.0 
IJAde 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin"" 
OJ 


QUIescent Current 
(AL DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
#lAde 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Currenl 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
}JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
80 
0.015 
80 
600 


Total 
Supply 
Current- 
°t 
IT 
5.0 
IT ·(0.31 
~A/kHl) 
f + 100 
J.lAdc 


(DynamiC 
plus 
Ouiescent, 
10 
IT =(0.60 
~A/kHll 
f + '00 
Per Package) 
15 
IT =(0.89 
~A/kHlll 
+ 100 
(CL 
.",50 pF 
on all outputs. 
all 


buffers 
sWitching) 


"Tlow 
- -55°C 
for 
AL 
DeVice, -40oC 
for CL!CP 
DeVice. 


Thigh'" 
+12SoC 
for 
AL 
Oevice. 
+850C for Cl/CP 
Device. 
=Nolse 
Immunity 
specified 
for worst-case 
Inpur 
combination. 


NOise Margin 
for both 
"1" 
and "0" 
level': 
1 0 Vdc min@VOD 
•• 5.0 Vdc 


20 
Vdc min@ 
VOO 
- 10 Vdc 


2_5 Vdc min@ 
VOO 
'"' 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 50 pF. 


'T(Cll 
• IT(50 oFI 
+ 1 • 10-3 tCL -50) VOOf 


where' 
IT is in J.lA (per packagel. 
CL In pF. 
Vao 
in Vdc, 
and 
f In kHz 
is input 
frequency. 


""The 
formulas 
given are for the typical 
characteristics 
only 
at 25°C. 


This device contains circuitry 
to protect the inputs against damage due to high static volt~es or electric fields; howev.r, it is ad- 
vised that normal preceutions be taken to avoid appliQtKm 
of any volt. 
higher than rT\IIximum rated voltages to this high im- 


pedance circuit. 
For proper operation it is recommended that Vin end Vout be constrained to the range Vss <. (Vin or Vout) 
';;VOO' 
Unused inputs must always be tied to an appropriat.logic 
voltage level (e.g., either Vss or VOO). 
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Characteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
• 13.0 ns/pFI CL + 30 ns 
5.0 
- 
100 
200 


'TLH 
• 11.5 ns/pFI CL + 15 ns 
10 
- 
50 
100 


tTLH 
= (1.1 ns/pFI CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
'THL 
ns 


tTHL 
- (1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL' 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


'TH L - 10.55 ns/pF I CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
ns 
Clock to 01 
tpHL 
'PLH, 
tpHL 
= 0.7 
ns/pFI CL + 295 ns 
5.0 
- 
380 
600 


tp LH. 'PH L • 10.66 ns/pF I CL + 117 ns 
10 
- 
150 
230 


tPLH, tPHL = 10.5 ns/pFI CL + 85 ns 
15 
- 
110 
175 
Clock.o 
07 


'PLH, 
tPHL' 
11,7 ns/pFI CL + 915 ns 
5.0 
- 
1000 
3000 


tPLH, 'PHL 
• (0.66 ns/pFI CL + 367 ns 
10 
- 
400 
750 
tpLH, 
tpHL 
= (0.5 ns/pFI CL + 275 ns 
15 
- 
300 
565 
Reset to an 
tPLH, tPHL = (1.7 ns/pFI CL + 415 ns 
5.0 
- 
500 
800 


tPLH, tPHL' 
10.66 ns/pFI CL + 217 ns 
10 
- 
250 
400 


tPLH, tPHL = 10.5 ns/pFI 
CL + 155 ns 
15 
- 
180 
300 


Clock Pulse Width 
twH 
5.0 
500 
200 
- 
ns 
10 
165 
60 
- 
15 
125 
40 
- 


Reset Pulse Width 
twH 
5.0 
600 
375 
- 
ns 
10 
350 
200 
- 


15 
260 
150 
- 


Reset Removal Time 
trem 
5.0 
625 
250 


I 
- 
ns 
10 
190 
75 
- 


15 
145 
50 
- 


Clock Input Rise and Fall Times 
tTLH, 
tTHL 
5.0 
- 
- 
0 


10 
- 
- 
8.0 
ms 


15 
- 
- 
200 
~s 


Input Pulse Frequency 
lei 
5.0 
- 
2.5 
1.0 
MHz 
10 
- 
8.0 
3.0 
15 
- 
12 
4.0 


CLOCK 
RESET 
STATE 


0 
0 
No Change 


0 
1 
All Outputs 
Low 


1 
0 
No 
Change 


1 
1 
All Outputs 
Low 
---- 
0 
No 
Change 
------ 
1 
A II 0 utputt 
Low 
----- 
0 
Advance 
0 •..••Count 
~ 
1 
All 
Outputs 
Low 
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The MC14025B 
and MC14025UB 
are constructed 
with P and N channel 


enhancement 
mode 
devices 
in a single 
monolithic 
structure 
(Comple- 


mentary 
MDS). 
Their 
primary 
use 
is 
where 
low 
power 
dissipation 


and/or 
high 
noise 
immunity 
is desired. 


• 
Quiescent 
Current 
= 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typ 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
All Outputs 
Buffered 
(MC14025B 
only) 


• 
Capable 
of Driving Two 
Low-power 
TTL 
Loads. 
One Low-power 
Schottky 
TTL 
Load or Two HTL loads 
Over the Rated 
Temper· 


ature 
Range. 
(MC14025B 
only) 


• 
Double 
Diode 
Protection 
on All Inputs 


• 
Pin-for-Pin 
Replacements 
for CD4025B 
and CD4025UB. 


Rllting 
Symbol 
V.lue 
Unit 


DC Supply Voltage 
VDD 
-0510 
+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V," 
-0.5 to VDD 
-05 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL Device 
TA 
-55 to .125 
°c 
CL/CP 
Device 
-4010 +85 


Storage Temperature 
Range 
Tst. 
-65 to 
.•..'50 
°c 


See the 
MC14001B 
data 
sheet 
for complete 
characteristics 
of the 
B-Series device. 


See the MC14001UB 
data 
sheet for complete 
characteristics 
for the 
non-B device. 


Vood 


8.S.'3~ 
9Vss 


MC14025B 
MC14025UB 


..- ..• 


L SUFFIX 
P SUFFIX 
3 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
632 
CASE 
646 


ORDERING 
INFORMATION 


MC14XXXJ'I(;:'~,':~::.- 


or UB, 
P 
PI.,tlc Pack.ge 
as applicable 
A 
Ext.nded 
Operating 


. 
Temper.tur. Range 
C 
Limited 
Operating 
Temper.tur. 
Range 


"3=D- 
12 
10 


13 


This 
device 
contains 
circuitry 
to protect 
the inputs against damage due 
to 
high 
Itlltic 
voltages 
or electric 
fields; 
however, 
it is advised 
that 
nor- 
mal precautions 
be t.ken 
to avoid 
application 
of any volta"e 
higher 
than 
maximum 
rlt~ 
vol"lges 
to 
this 
high 
impedlnce 
c:irc:uit. 
For 
proper 


operation 
it is rec:ommended 
that 
Vin 
and 
Vout 
be c:onstrained 
to 
the 
range 
VSS"'; 
(Vin 
or Vout) 
<; VOO· 


Unulld 
inputs 
must 
Ilways 
be 
tied 
to In IPpropri.lte 
logic: voltage 
level 
(e.g., 
either 
VSS 
or VOO). 


The MC140278 dual J-K flip-flop 
has independent J, K, Clock 
(Cl. Set (S) and Reset (R) inputs for each flip-flop_ These devices 
may be used in control, register, or toggle functions. 


• 
Quiescent Current = 2.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 
• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Single Supply Operation - Positive or Negative 


• 
Toggle Rate = 3.0 MHz typical 
@ 5 Vdc 


• 
Logic SWlf1gIndependent of Fanout 
• 
Logic Edge-Clocked Flip-Flop Design- 
Logic state is retained indefinitely 
with ciock level either high or 
low; information 
is transferred to the output only on the positive- 


going edgeof the clock pulse 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Pin-for-Pin Replacement for CD40278 


R'ling 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0510 
+'8 
Vdc 


Input 
Voltage, 
All 
Inputs 
Yon 
-05 
to VOO • 0.5 
Vdc 


DC Current 
DraIn 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range - 
AL 
DeVIce 
TA 
-55 
to +125 
°c 
CUCP 
DeVice 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +150 
°c 


INPUTS 
OUTPUTS' 


Ct 
J 
K 
S 
A 
oni 
on+1 
On+l 
r 
1 
X 
0 
0 
0 
1 
0 
-r 
X 
0 
0 
0 
1 
1 
0 
-r 
0 
X 
0 
0 
0 
0 
1 
~ 
X 
1 
0 
0 
1 
0 
1 
~ 
1 
1 
0 
0 
00 
00 
00 
'- 


X 
X 
0 
0 
X 
an 
an 


X 
X 
X 
1 
0 
X 
1 
0 


X 
X 
X 
0 
1 
X 
0 
1 


X 
X 
X 
1 
1 
X 
1 
1 


x .• Don't 
Car. 
t 
:II Level 
Change 


*" - 
Present 
S•••• 
•.• 
NextSt.te 


'"his device 
conte 
ins circuitry 
to prOtect 
the inputs aglinst 
d.magl 
due to htgh 
static voltages or electric fields; however, 
it is.c!viMd 
that normal precauttons b, 
taken 
to lvoid 
Ipplication 
of anv voltage 
htgher than ml:Jl;imum r.tld 
voltegn 
to 
this high impedance circuit. 
For proper operation 
it i, recommended that Vi" and 
Vout b, constrained to th, range VSS" 
(Vin or Vout) '" VOO' 


Unused inputs must alwavs 
be tied to an appropriate logic 
voltage I."" 
(e.g., 
.ither 
VSS or VOOI. 


~C14027B 


_--._I( 


- 
r 
I I ( 
I 


16 
J 
, 
I 
I 
: 
16 
1 
1 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


.",,'" 
115U111X 
Denotes 


L 
CeramIc 
Pack aye 
P 
Plutlc 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
LImited 
Operating 
Temperature 
Range 


:050 
1 


3 
C 


5 
K 
a 
2 


" 


4':0 


5 


a 
15 
13 
C 


11 
K 
a 
14 
" 
12 


Voo 
Ttow. 
25°C 
Thigh' 
Characteristic 
Symbol 
Vd. 
Min 
M" 
Mi" 
Typ 
M" 
Mi" 
M" 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi" ;;.VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin -: a or Voa 
10 
9.95 
- 
9.95 
10 
.. 
9.95 
- 


IS 
14.95 
- 
14.95 
IS 
- 
14.95 
- 


Input 
Voltage'u 
"0" 
Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 
(yo = 9.0 or 1.0 Vdc) 
10 
.. 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
IS 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(yo = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdc) 
10 
70 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = I 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH" 
9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
IS 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
fCLlCP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
I -0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
IS 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
,2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
IS 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current fAL Device) 
I," 
IS 
± 0.1 
- 
'0.00001 
to.l 
- 
'1.0 
jolAdc 


Inpul 
Current 
ICLlCP 
Device) 
lin 
IS 
- 
'03 
- 
'0.00001 
'0.3 
- 
t 1.0 
,",Adc 


Input 
Capacitance 
Coo 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
-, 0) 


QUiescent Current 
IAL 
De1llce) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
/oIAde 


(Per 
Package) 
10 
.. 
2.0 
- 
0.004 
2.0 
- 
60 
15 
4.0 
- 
0.006 
4.0 
- 
120 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
50 
- 
4.0 
- 
0.002 
4.0 
- 
30 
J,lAdc 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supplv 
Current--t 
IT 
50 
IT = (0.80 ~A/kHz) 
f + 100 
jJ.Adc 


(Dvnamic 
plus 
Quiescenl, 
10 
IT = (1.60 ~A/kHz) 
f + 100 
Per Package) 
IS 
IT = (2.40 ~A/kHz) 
f + 100 
ICL '" 50 pF on all outputs, all 
buffers switching) 


-Tlow 
- -550C 
for AL DeVice, -400C 
for CLlCP 
DeVice. 


Thigh'" 
t1250C 
for AL Device. t-850C 
for CLlCP 
Oevlce . 


.uNolse immunity 
specified for worst-case input combinatIon. 


NOise Margin for both "1" and "0" level'" 
1.0 Vdc min @ VOD 
~'5.0 Vdc 
2.0 Vdc min@ 
VDO 
= 10 Vdc 
2.5 Vdc min @ VOO 
• IS Vdc 
tTo calculate 
total supply current at loads other than 50 pF: 


'T(CL) 
• ITI50 pF} • 2 x 10.3 
(CL ·501 VOO' 
where: IT is in JJA (per package), CL in pF. VOO 
in Vdc. and f in kHz is input frequency. 


- -The 
formulas given are for the typical characteristics only at 25°C. 
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Characteristic 
Symbol 
VOO 
Min 
Typ 
M.x 
Unit 


Output 
Rise Time 
'TLH 
ns 


tTLH 
a 13.0 ns/pFI CL + 30 ns 
5.0 
- 
100 
200 


tTLH 
- 11.5 ns/pFI CL + t5 ns 
10 
- 
50 
100 


tTLH' 
(1.1 ns/pF) CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
ns 


·tTHL· 
(1.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 


tTHL' 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL' 
10.55 ns/pF) CL + 12.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 
Clock to a 
tpHL 
tPLH. 
tpHL 
- 11.7 ns/pF) CL +90 
ns 
5.0 
- 
175 
350 


tPLH. tPHL = 10.66 ns/pF) CL + 42 ns 
10 
- 
75 
150 


tpLH. 
tpHL 
• 10.5 ns/pFI CL + 25 ns 
15 
- 
50 
100 


Setta a 
tpLH. 
tpHL 
- 11.7 ns/pFI CL + 90 ns 
5.0 
- 
175 
350 


tPLH. tpHL = 10.66 ns/pF) CL + 42 ns 
10 
- 
75 
150 
ns 


tpLH. 
tpHL 
- 10.5 ns/pFI CL + 25 ns 
15 
- 
50 
100 


Reset to a 


tPLH. 
tpHL 
- (1.7 ns/pFI CL + 265 ns 
5.0 
- 
350 
450 


tPLH. 
tPHL - 10.66 ns/pFI CL + 67 ns 
10 
- 
100 
200 
ns 


tpLH. 
tpHL = 10.5 ns/pF I CL + 50 ns 
15 
- 
75 
150 


Setup Times 
tsu 
6.0 
140 
70 
- 
ns 
10 
50 
25 
- 
15 
35 
17 
Minimum 
Hold Times 
th 
5.0 
140 
70 
- 
ns 
10 
50 
25 
- 
15 
35 
17 
- 


Clock Pulse Width 
I 
twH. 
twL 
5.0 
330 
165 
- 
ns 
10 
110 
55 
- 
16 
75 
38 
- 


Clock Pulse Frequencv 
'ei 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
9.0 
4.6 
15 
- 
13 
6.5 


Clock Pulse Rise and Fall Time 
'TLH. 
'THL 
5.0 
- 
- 
15 
jlS 
10 
- 
- 
5.0 
15 
- 
- 
4.0 


Set end Reset Pulse Width 
twH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
70 
35 
- 


InpUb 
A end Slow. 


For the measurement of twH, 
l/fel' 
and Po 
the Inputs 
J .nd 
K .re 
kept high. 
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BCD-TO-DECIMAL 
DECODER 
BINARY-TO-oCTAL 
DECODER 


The MC 14028B decoder is constructed so that an 8421 BCD code 
on the four inputs provides a decimal (one-of-ten) decoded output, 
while a 3-bit binary input provides a decoded octal (one-of-eight) 
code output with D forced to a logic "0". 
Expanded decoding such 
as binary-to-hexadecimal 
(one-of-1S), etc., can be achieved by using 
other MC14028B devices. The part is useful for code conversion, ad- 
dress decoding, memory selection control, demultiplexing, 
or read- 


out decoding. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature Range 


• 
Positive Logic Design 
• 
Ouiescent Current 5.0 nA Ipackage typical 
@ 5 Vdc 


• 
Low Outputs on All Illegal Input Combinations 


• 
Similar to CD4028B. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
V,n 
-{).5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
De ....ice 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +'50 
°c 


BLOCK 
DIAGRAM 


r 


3 


14 


3·Bit 
2 


Binar,. 
13 
15 
Octal 
8421 
Inputs 
Oecoded 
Decimal 
8CD 
Outputl 
DecOded 


Inputs 
6 
Outputs 
12 


4 


9 


11 
5 


VOO'" 
Pin 16 
VSS· 
PinS 


BCD-TO-DECIMAL 
DECODER 
BINARY-TO-OCTAL 
DECODER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


""""11SUffiJl( 
D.not~. 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperatur. 
Aange 
e 
Limited 
Operating 


Temperature 
Range 


INPUT 
OUTPUT 
0 
C 
8 
A 
O~O80706050403020100 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 , 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Voo 
Tlow. 
25°C 
Thiah • 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin-OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage'u 
"0" 
Level 
VIL 
Vdc 


(VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
.- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Devicel 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.Q. 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(ClICP 
Device) 
IOH 
mAde 


(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1:5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input 
Current 
IAl 
Device) 
lin 
15 
- 
.0.1 
- 
.0.00001 
to.l 
- 
± 1.0 
J.l,Adc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
'0.00001 
'0.3 
- 
'1.0 
,.Adc 


Input 
Capacitance 
Cin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V;n = 0) 


Ouiescent Current {AL Devicel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAde 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CLlCP 
Devicel 
loD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
#lAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
600 
Total 
Supply 
Current 
••• t 
IT 
5.0 
IT = (0.3 
~A/kHz) 
f + IDD 
IJAdc 


(Dynamic 
plus Quiescent, 
10 
IT = (0.6 
~A/kHzl 
f + IDD 
Per Package) 
15 
IT' 
(0.9 
~A/kHzl 
f + IDD 
(el 
= 50 pF on all outputs, 
all 


buffen switching) 


-Trow::: 
-550C for AL Device, .....•OoC for CLlCP Device. 


Thigh = +1250C for AL Device. +850C lor CL/CP 
De.ice. 


#Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" level"" 1.0 Vdc::min@ VDO 
:::5.0 Vdc: 
2.0 Vdc min (jil VDD 
• 10 Vdc 
2.5 Vdc min (jil VDo 
• 15 Vdc 
tT 0 calculate total supply current 
at loeds other than 50 pF: 


IT(CL) 
= 'T(50 pF) + 1 • 10-3 (CL -SOl VDD' 
where: IT is in ",A (per package), CL in pF, VDD,in 
Vdc, and f in kHz is input frequency. 
--The 
formulas giverl are for the typical characteristics 
only It 2SoC. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


B 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
ns 
tTLH = 13.0 ns/pF) CL + 30 ns 
5.0 
- 
100 
200 
tTLH = 11.5 ns/pFI CL + 15 ns 
10 
- 
50 
100 
tTLH = 11.1 ns/pFI CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
ns 
tTHL = 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL' 
10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay 
Time 
tpLH. 
ns 
tPLH. tpHL • 11.7 ns/pF) CL + 215 ns 
tPHL 
5.0 
,- 
300 
600 
tpLH. 
tPHL = 10.66 ns/pF) CL + 97 ns 
10 
- 
130 
260 
tpLH 
tpHL 
= 10.5 ns/pF) CL + 65 ns 
15 
- 
90 
180 


Inputs 
B. C. and 0 
switching in r•• pect 
to. BCD 
code. 


All outputs connected 
to respective 
C L loads. 
f in respect 
to • system 
clock. 


This 
device 
contains 
circuitry 
to protect 
the 
inputs 
&gainst 
damage 
due 
to high static 
voltages 
or electric 
fields; 
however. 
it is ad- 
vised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage 
higher 
than 
maximum 
rated voltages to this high im· 
pectance 
circuit. 
for 
proper 
operation 
it is recommended 
that 
Vi" and Vout 
be constrained 
to the ,ange Vss <; (Vin or Vout) 
O<;VOD· 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic voltage 
level (e.g., either 
Vss or VOOL 


APPLICATION 
INFORMATION 


Expanded 
decoding 
can 
be 
performed 
by 
using 
the 
MC140288 
and other 
MeMOS Integrated 
Circuits. 
The cir- 


cu its in Figure 
2 converts 
any 4-bit 
code 
to a decimal 
or 
hexadecimal 
code. 
The 
accompanying 
table 
shows 
the 


input 
binary 
combinations, 
the 
associated 
"output 
num- 
bers" 
that 
go "high" 
when 
selected, 
and 
the 
"redefined 
output 
numbers" 
needed 
for 
the 
proper 
code. 
For 
ex- 
ample: 
f-or 
the 
combination 
DCBA 
= 0111 
the 
output 
number 
7 is redefined 
for the 4-bit 
binary, 
4-bit gray, ex- 
cess-3, 
or excess-3 
gray codes 
as 7,5,4, 
or 2, respectively. 


Figure 
3 shows 
a 6-bit 
binary 
1-of-64 
decoder 
using 
nine 
MC14028B 
circuits 
and two MC14069B 
inverters. 


The 
MC140288 
can be used 
in decimal 
digit 
displays, 


such 
as, 
neon 
readouts 
or 
incandescent 
projection 
indi- 
cators 
as shown 
in Figure 
4. 


Inputs 
~DeB 
A 


CODE AND 
REDEFINED 
OUTPUT 
NUMBERS 


Hexadecimal 
Decimal 
':' 
<'l 


.~ ~ .~ > 
:: 
= ~ ; N 
INPUTS 
OUTPUT 
NUMBERS 
Olco. ~ ~~ 
1l 
!l ~ ,!! '" 
D 
C 
B 
A 
1514 
1312 
11 10 9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
""iii .." 
x 
x" « .. 
w 
w 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 
3 
0 
2 
2 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 
2 
0 
3 
3 


·0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
4 
7 
1 
4 
4 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
5 
6 
2 
3 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
6 
4 
3 
1 
4 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
7 
5 
4 
2 


1 
0 
0 
0 
0 
0 
0 
0- 0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
15 
5 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
14 
6 
5 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
12 
7 
9 
6 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
13 
8 
5 


1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
8 
9 
5 
6 
1 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
. 9 
6 
7 
7 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
11 
8 
8 
8 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
10 
7 
9 
9 


B 


B 
~--------------------v---------------------_/ 


64 Outputs 
(Selected 
Output 
is High) 


00 
a' 
02 
03 
04 
as 
06 
07 
08 
09 --0---- 


Appropriete 


___ 
~nC'nd 
•• c.nt 


~ 


llJ llJ llJO~'" 


9 
2 
1 
0 
---- 
~ 
--- 


® MOTOROLA 


The MC14029B 
Binary/Decade up/down counter is constructed 
with 
MOS P·channel and N·channel enhancement mode devices 


in a single monolithic 
structure. 
The counter consists of type D 
f1ip·flop stages with 
a gating structure to provide toggle flip·flop 


capability. The counter can be used in either Binary or BCD opera· 
tion. This complementary MOScounter finds primary use in up/down 
and 
difference 
counting 
and frequency 
synthesizer applications 
where low power dissipation and/or high noise immunity 
is desired. 


It is also useful in A/D and D/A conversion and for magnitude and 


sign generation. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5.0 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Proection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Internally Synchronous for High Speed 


• 
Logic Edge·Clocked Design - Count Occurs on Positive 
Going Edge of Clock 


• 
8.0 MHz Counting Rate Typ at 10 Vdc 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving Two Low·Power TTL Loads, 


One Low·Power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range 


• 
Pin for Pin Replacment for CD4029B 


MAXIMUM 
RATINGS 
(Voltagesreferencedto VSSI 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
-05 
to VOO+ 0.5 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Te",perature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
T stg 
-65 to +150 
°c 


Preset 
Carry 
I" 
Up/Down 
Enable 
Action 


1 
X 
0 
No Count 


0 
1 
0 
Count 
Up 


0 
0 
0 
Count Down 


X 
X 
1 
Preset 


BINARY /DECADE 
UP/DOWN COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


."'""'1l;SUffiX 
Oe"ot •• 


L 
Ceramic 
P.ck.~ 
P 
Plutic 
Package 
A 
e.te"ded 
Operating 
Tamperature 
Range 
e 
LimiteQ 
Operating 


Temperature 
Range 


B 


Voo 
Tlow. 
25°C 
Thigh' 


Ch.rKteristic 
Symbol 
Vd. 
Min 
M•• 
Min 
Typ 
MI' 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin-VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin"'OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
Level 
V,L 
Vdc 
(Va 
= 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 
= 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
V,H 
(Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
tAL Devicel 
10H 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0,9 
- 
(VOH' 
13.5 Vdc) 
15 
-4.2 
- 
-3,4 
-8.8 
- 
-2,4 
- 


(VOL' 
0,4 Vdc) 
Sink 
'OL 
5.0 
0,64 
- 
0.51 
0.88 
- 
0,36 
- 
mAde 
(VOL' 
0,5 Vdcl 
10 
1.6 
- 
1.3 
2,25 
- 
0,9 
- 


(VOL' 
1,5 Vdc) 
15 
4.2 
- 
3.4 
8,8 
- 
2.4 
- 


Output 
Orive Current 
(eL/ep 
Device) 
'OH 
mAde 
(VOH = 2,5 Vdcl 
Source 
5,0 
-2.5 
- 
-2.1 
-4.2 
- 
-1,7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0,52 
- 
-0.44 
-0,88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1,3 
- 
-1.1 
-2,25 
- 
-0,9 
- 


(VOH' 
13,5 Vdcl 
15 
-3,6 
- 
-3,0 
-8,8 
- 
-2.4 
- 


(VOL' 
0,4 Vdc) 
Sink 
IOL 
5.0 
0,52 
- 
0,44 
0.88 
- 
0,36 
- 
mAde 
(VOL' 
0,5 Vdc) 
10 
1,3 
- 
1.1 
2,25 
- 
0,9 
- 


(VOL =1,5Vdc) 
15 
3.6 
- 
3,0 
8,8 
- 
2,4 
- 


Input Current 
tAL Oeytee) 
'in 
15 
- 
to.1 
- 
to,00001 
to.l 
t 1.0 
IJAdc 


Input Current 
fCl../CP Device) 
'in 
15 
- 
t 0.3 
- 
to,OOOOl 
to.3 
- 
t1.0 
J,iAdc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
pF 
(Vin' 
01 


QuiescUlt 
Current 
IAL 
Devicel 
100 
5.0 
5,0 
0,005 
5.0 
150 
IJAdc 
(Per Package I 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
~ 
0.015 
20 
- 
600 


Quiescent Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J,lAdc 


IPer 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0,015 
80 
- 
600 
Total Supply Current-· t 
IT 
5,0 
'T • (0.58 "A/kHz) 
f + IDO 
IJAdc 
(Dynamic 
plus Quiescent, 
10 
'T' 
(1.2 "AlkHz) 
f + 100 
Per 
Package) 
15 
'T' 
11.7 "A/kHz) 
f + 100 
tel"" 
50 pF on all outputs. 
all 
buffers switching) 


-Tlow 
'" -55°C 
for AL Device. -40oC for CL/CP 
Device. 


Thigh"" +12SoC for AL Device. +8SoC for CLlCP 
Device. 


~Noise immunity 
specified for worst·case input combination. 
Noise Margin for both "1" and "0" level:>: 1.0 Vdc min@ 
VOD 
:: 5.0 Vdc 
2.0 Vdc min@ VOO 
• 10 Vdc 
2.5 Vdc min@ VOO 
= 15 Vdc 
tT 0 calculate total supply current at loads other than 50 pF; 


'TICL) 
= 'T(50 
pF) + 1 • 10-3 (CL -501 VOO' 
where: IT is in IJA (per packagel, CL in pF. VOO 
in Vdc. and f in kHz is input frequency. 


- -The 
formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry 
to protect the input. 
ag,einst damage due to high static voltages or electric liekis; however, it is ed- 


vised that ~rm8t 
precautions be taken to avoid applicadon 
of any voltage htgher than maximum 
rlted voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended 
that Vi" 
and Vout 
be constrained to the range VSS " 
(Vin or Vautt 


" VOO' 
Unused inputs must always be tied to an appropdatelogic 
voltage 
level (e.g.. either VSS or VOOL 


All Types 


Characteristic 
Symbol 
Vee 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
'TLH 
ns 


I, :: (3.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 


Ir '"'11.5 ns/pFI 
CL +15 os 
10 
- 
50 
100 


Ir = ILl ns/pF) 
CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
, 


'THL 
ns 


If = 11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


If = 10.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


If = (0.55 ns/pF 
I CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay 
Time 
'pLH. 
ns 
elk to 0 
'PHL 


'pLH. 
'PHL 
' 11.7 ns/pF) 
CL + 230 ns 
5.0 
- 
200 
400 


'PLH. 'PHL .' (0.66 ns/pFI 
CL + 97 ns 
10 
- 
100 
200 


'pLH. 
'PHL ~ (0.5 ns/pF) 
CL + 75 ns 
15 
_. 
90 
180 


elk to Cout 
'PLH. 
ns 


'PLH. 'PHL 
= (1.7 ns/pFI 
CL t 230 ns 
'PHL 
5.0 
- 
250 
500 
'pLH. 
tPHL 
= (0.66 ns/pFI 
CL • 97 ns 
10 
- 
130 
260 


'PLH.1PHL 
10.5 ns/pFI 
CL t 75 ns 
15 
- 
85 
190 


Gin to Cout 
'pLH. 
ns 


IpLH. 'PHL 
= (1.7 ns/pFI 
CL + 95 ns 
'pHL 
5.0 
- 
175 
360 


'PLH· 'PHL 
10.66 ns/pFI 
CL + 47 ns 
10 
- 
50 
120 


'PLH. IPHL 
= 10.5 ns/pFI 
CL t 35 ns 
15 
- 
50 
100 


PE 10 a 
IpLH. 
ns 


tPLH. 'PHL 
= (1.7 ns/pF) 
CL + 230 os 
'PHL 
5.0 
- 
235 
470 


tpLH. 'pHL 
. (0.66 ns/pF) 
CL t 97 ns 
10 
- 
100 
200 


tPLH. 'PHL 
= 10.5 ns/pFI 
CL + 75 ns 
15 
- 
80 
160 


PE 
to C;;-t 
'PLH. 
ns 
tPLH. 'PHL 
= (1.7 ns/pF) 
CL + !l65 ns 
'PHL 
5.0 
- 
320 
640 


tpLH. 'PHL 
= (0.66 ns/pF) 
CL + 192 ns 
10 
- 
145 
290 


'PLH. 'PHL 
= (0.5 ns/pFI 
CL + 125 ns 
15 
- 
105 
210 


Clock 
Pulse 
Width 
IW(cI) 
50 
- 
90 
180 
ns 
10 
- 
40 
80 
15 
- 
30 
60 


Clock Pulse Frequencv 
lei 
5.0 
2.0 
4.0 
- 
MHz 
10 
4.0 
8.0 
- 


15 
5.0 
10 
- 


Preset 
Removal 
Tlme-· 
Irem 
5.0 
- 
80 
160 
ns 
10 
- 
40 
80 
15 
- 
30 
60 


Clock Rise and Fall TIme 
'dell 
5.0 
- 
- 
15 
~s 
'Hell 
10 
- 
- 
5 
15 
- 
- 
4 


Carry 
In Setup 
Time 
' 
su 
5.0 
150 
200 
- 
ns 
10 
60 
80 
- 


15 
40 
55 
- 


Up/Down 
Setup Time 
5.0 
340 
170 
- 
ns 


10 
140 
70 
- 


15 
100 
50 
- 


Binary/Decade 
Setup Time 
5.0 
320 
160 
- 
ns 


10 
140 
70 
- 


15 
100 
50 
- 


Preset 
Enable 
Pulse 
Width 
'W 
5.0 
130 
65 
- 
ns 
10 
70 
35 
- 


15 
50 
25 
- 


• The formulae 
given are for the typical 
characteristics 
only . 


• -The 
Preset Signal must be low prior to a positive-going 
transition 
of the clock. 


IJ 


II 


Carry 
In or 
Up/down 
or Bin.ry/Dec.de 


Clock 


rrfl 


Programmable 
Pul.e 
01 
Generator 


rrrrr 


LLl-I-~ ~ ~ r-t- LLI-~ ~ L"1..LI-~ r-t- L"1..I-rl.. 


1..- 
r-r- 


-, 
rnt-- 


- - 
r- 
r- 
- 
r- - 
fo- 
f-- 
r; 


,...., 
- 
= 
--- 
~ 
- 
- 
~ 
- 
::: -- 
f-- - 
- 
r- 
f-- 
f0- 
r- ....., 
- - 
-- 
- - 
r- 
rf-- ....., 


I 
I- 
h 


\.I 


21 


l.- 
I- 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
8 
7 
6 
5 
4 
3 
1 
0 
0 
9 
6 
7 
0 


Clock ---I1J1JW I J1J1f' JUlf' JUlJ1f' 
~1~IU 
~'~) 
-.J~-11 


~, 
II~ 


Cout 
1 (LSO) 
1 


IJ 


® MOTOROLA 


TRIPLE 
SERIAL 
ADDERS 


The MC14032B 
and MC1403BB 
triple 
serial adders 
have the clock 


and 
carry 
reset 
inputs 
common 
to 
all three 
adders. 
The 
carry 
is 
added 
on the 
positive-going 
clock 
transition 
for the MC14032B. 
and 
on 
the 
negative-going 
clock 
transition 
for 
the 
MC1403BB. 
Typical 


applications 
include 
serial arithmetic 
units. 
digital 
correlators, 
digital 


servo 
control 
systems. 
datalink 
computers. 
and 
flight 
control 
computers. 


• 
Static 
Operation 
from 
de to 5.0 MHz 


• 
Buffered 
Outputs 


• 
Single-Phase 
Clocking 


• 
Quiescent 
Current; 
5.0 nA/package 
typical 
@ 5 Vdc 


• 
Supply 
Voltage 
Range; 
3.0 Vdc to lB Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One 
Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated 
Tempera- 


ture 
Range. 


• 
Pin-for-Pin 
Replacement 
for CD4032B 
and CD403BB. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5(0+18 
Vdc 


Inpul Voltage. 
All Inputs 
V,n 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
'0 
mAde 


Operating 
Temperature 
Range 
-- AL DeVice 
TA 
•-55 to +' 25 
°c 


CLlCP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


This device contains circuitry 
to protect 
the inputs against damage dUBto high 
static 
voltages 
or electric 
fields; however, 
it is advised that 
normal 
precautions 
be 
tlken 
to avoid application 
of any voltage 
higher than 
maximum 
rated 
voltages 
to 
this high impedance circuit. 
For proper operation it is rllCommended that Vin and 
Vout be constrained to the range VSS <: (Vin or Vout) 
..: VOO· 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic voltage 
level 'e.g., 


lither 
VSS or VOOL 


, 


MC14032B 
MC14038B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 648 
11 
."""'1~SUffiX 
Denote. 


.L 
Ceramic 
Package 
P 
PlastiC Package 
A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 
Temperature 
Range 


A11Q 


B111 
Invert 
1 
7 


A213 


82 
12 


Invert 
2 
5 


A315' 
8314 
Invert 
3 
2 


Clock 
3 
Carry Anet 
6 


II 


Voo 
Tlow . 
25°C 
Th;ah' 


Ch.rKteristic 
Symbol 
Vdc 
Min 
M •• 
Min 
Typ 
M •• 
Min 
M •• 
Unit 


Ou tpu I Vol.age 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


,V1n ~ VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin '" Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage'u 
"0" 
Level 
VIL 
Vdc 
(Va = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"". 
Level 
VIH 
(Va 
= 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
evO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va· 
1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CL/CP Device' 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
101 
- 
10.ססOO1 
to.l 
- 
:!: 1.0 
IlAdc 


Input Current 
(CLlCP Device) 
'in 
15 
- 
10.3 
- 
10.00001 
10.3 
- 
11.0 
I-IAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V in = 01 


Quiescent Current 
IAL Devk:e) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
JJAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
ICLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,."Adc 
(Pel Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply 
Current--t 
IT 
5.0 
IT = (0.96 ~A/kHl) 
f + 100 
IJAdc 
(Dynamic 
plus Ouiescent, 
10 
IT = (1.93 ~A/kHl) 
f + 100 
Per Package) 
15 
IT' 
(2.8 .~A/kHll 
f + 100 
(Cl ""50 pF on all outputs, 
all 
buffers 
switchmg) 


·Tlow::: 
-55°C 
for AL Device. -40oC 
for CLlCP 
Device. 


Thigh'" 
+12SoC for AL Device, +8SoC for CLlCP Oevice. 


.aNoise immunity 
specified for worst-case input combinallon. 
Noise Margin for both "1" and "0" 
level'" 
1.0 Vdc min@ VDD 
'" 5.0 Vdc 
2.0 Vdc min @ VOO 
• 10 Vdc 
2.5 Vdc min 
@ VOO 
• 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITICLI' 
IT(50 pFI + 3.10-3 
ICL -501 VOOI 
where: IT is in IAA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 


--The 
formulas give~ are for the typical characteristics 
only at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 
Vd. 


~- 


Output 
Rise Time 
tTLH 
n. 


tTLH' 
(3.0 ns/pF) 
CL + 30 n. 
5.0 
- 
100 
200 
tTLH' 
11.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 
tTLH' 
(1.1 ns/pF) 
CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
'THL 
ns 


tTHL' 
(1.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
. 200 
, 


tTHL' 
(0.75 n./pFI 
CL + 12.5 n. 
10 
- 
50 
100 


I 
'THL' 
10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
BO 


I Propagation 
Delay Time 
IpLH. 
n. 


i 
A. B or Invert to Sum 
'pHL 


I 


IPLH. 
'pHL 
= (1.7 ns/pF) 
CL + 195 ns 
5.0 
- 
280 
1400 


IPLH. 
'pHL 
= 10.66 ns/pFI 
CL + B7 ns 
10 
- 
120 
300 


IPLH. 
tPHL 
= (0.5 
ns/pF) 
CL + 65 ns 
15 
- 
90 
230 


I 
Clock 
to Sum 
ns 
tpLH 
tPHL 
= (1.7 ns/pF) 
CL +415 
ns 
5.0 
- 
500 
2400 


tPLH: 
'PHL 
= 10.66 ns/pFI 
CL + 147 ns 
10 
- 
lBO 
600 


I 
tPLH. 
'PHL 
= IO.~ ns/pF) 
CL + 110 ns 
15 
- 
135 
450 


I Input 
setup 
Time 
tsu 
5.0 
10 
-10 
- 
ns 
10 
10 
0 
- 


L 


15 
10 
0 
- 


i Clock Pulse Frequency 
lei 
5.0 
- 
4.0 
1.0 
MHz 


i 


10 
- 
10 
2.5 
15 
- 
12 
4.0 


rCIOCk 
Rise and 
Fall Times 
tTHL. 
tTLH 
5.0 
- 
- 
15 
". 
10 
- 
- 
5 


15 
- 
- 
4 


Word 
1: 
0.0111100 
- +60 


Word 2: 
0.0110010 
- +50 
0.1101110 
""+110 


Word 3: 
1.1011011 
- -37 


Word 4: 
1.1001110 
- -50 
~--87 


Word 
1: 
1.1000011 
--61 


Word 2: 
1.1001101 
- -51 
1.0010000 
--112 


Word 3: 
0.0100100 
- +36 


Word 4: 
0.0110001 
- +49 
0.1010101 
- +85 


_______ 
r, __ 
:: 


Progr.mm.bl. 
Pul_ 


Gen •.• tor 


EJ 


Voo 


A 
VSS 


VOO 


B 
VSS 


VOO 


Clock 


VOH 
Sum 
VOL 
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8-BIT UNIVERSAL 
BUS REGISTER 


The 
MC14034B 
is a bidirectional 
B-bit 
static 
parallel/serial, 
input/output 
bus register_ The device contains two sets of input/ 
output 
lines which allows the bidirectional 
transfer of data between 
two 
buses; the conversion 
of serial data to parallel form, 
or the 
conversion 
of 
parallel data to 
serial form. 
Additionally 
the serial 
data input allows data to be entered shift/ri~t, 
while shift/left 
can 
be accompolished by hard-wiring each parallel output to the previous 
parallel bit input. 


Other useful applications 
for this device include pseudo-random 
code generation, 
semple and hold 
register, frequency 
and phase- 
comparator, 
address or 
buffer 
register, and serial/parallel 
input/ 
output 
conversions. 


• 
Bidirectional 
Parallel Data Input 
• 
Ouiescent Current = 10 nA/package tYpical @ 5 Vdc 
• 
1II0iseImmunity 
= 45 % of VDD typical 
• 
0 iode Protection on All Inputs 
• 
SupplY Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Static Operation 0 to 5.0 MHz @ VDD = 10 Vdc 
• 
Single Supply Operation = Positive or Negetive 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range. 


• 
Pin-for·Pin Replacement for CD4034B. 


R.ting 
Symbol 
Value 
Unit 


OC Supplv Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.510 
VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-5510 
+125 
°c 
CL/CP 
Device 
-4010 
+85 


Storuge Temperature 
Range 
Tstg 
-65 to +150 
°c 


This 
device 
contlins 
circuitry 
to protect 
the 
inputs 
against 
damage 
due to hi'" 
static 
voltDgIl 
or electric fields; however. it is ~ised 
1hM normal precaJtion. 
be ~ken 
to 
a'oid 
eppIic.tion 
of 
II'lY 
voltage 
higher 
than 
m. 
imum 
r.ted 
Yoltegel 
to 
thil 
hi•.. 
impedllnce c:iraJit. For proper operation 
it is recommended thet 
Vi" 
end Vout 
be 
constrained to the ranlll 
VSS" 
(Vin or Voutl 
" 
VOO' 


Unu.d 
inputs 
must 
alweys 
be tied 
to en 8ppropriate 
logic Yolave 
level (I.g., 
lither 
VSS •••. VOOI. 


...- 
t 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 823 


P SUFFIX 


PLASTIC 
PACKAG 
E 
CASE 709 


.0••••" ItSUIII. 
O.not •• 


L 
C••.•mlc P.ck.ge 


P 
PIHtlc 
PlKkage 


A 
Extended 
OJMretlng 


Tempereture 
Reno- 
C 
Limited 
O.,••.• tlng 


TemJMr.ture 
R.nge 


PIN ASSIGNMENT 


24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 


18 


8 
t7 


9 
t6 


10 
15 


11 
14 


12 
13 


Voo 
Tlow. 
2SoC 
Th· ••••• 


Cheracte,istic 
Symbol 
Vd. 
Min 
MIx 
Min 
Typ 
MIx 
Min 
MIx 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 
Vin::= Vao 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vd. 
Vin'" 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltage# 
"0" Level 
VIL 
Vd. 
1VO = 4.5 or 0.5 Vdc! 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO = 9.0 or 1.0 Vdc! 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO = 13.5 or 1.5 Vdc! 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
1VO = 0.5 or 4.5 Vdc! 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vd. 
IVO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1 5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
= 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
IVOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL = 1.5 Vd.! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current ICLlCP 
Device) 
IOH 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • ~.5 Vdc! 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 
(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
1VOL = D.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current IAL Devicel 
lin 
15 
- 
10.1 
- 
10.ססOO1 
10.1 
- 
11.0 
~Ad. 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
10.3 
- 
10.00001 
10.3 
- 
11.0 
~Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IV;n 
= 01 


Ouiescent Current 
IAL 
Device) 
100 
5.0 
5.0 
0.010 
5.0 
150 
~Adc 
(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


QUIescent Current ICLlCP 
DeVice) 
100 
5.0 
- 
50 
- 
0.Q10 
50 
- 
375 
~Ad. 
(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 
Total Supply Current·· 
t 
IT 
5.0 
IT = 
12.2 ~A/kHzl 
, + 100 
~Adc 
(Dynamic 
plus 
Quiescent, 
10 
IT = 
1'4.4 "A/kHz) 
f + 100 
Per Package) 
15 
IT' 
16.6 "A/kHzl 
,+ 
100 
(el ::50 pF on all outputs, all 
buffers switching) 


3-State Output 
Leakage Current 
ITL 
15 
- 
10.1 
- 
10.0001 
10.1 
- 
13.0 
"Ad< 
(AL Device) 
- 
- 
- 


3-State Output 
Leakage Current 
ITL 
15 
- 
11.0 
- 
0.0001 
11.0 
- 
17.5 
~Adc 
(CL/CP 
Device) 
- 
- 
- 


-Tlow:: 
-SSoC for AL DeVice, -400C for Cl/CP 
Device. 
Thigh:: 
+12SoC for AL DevK:e, +8SoC for CLlCP Device. 
~Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level :: 


1.0 Vdc min@ 
VOO 
= 5.0 Vdc 
2.0 Vdc m;n @ VOO 
• 10 Vdc 
2.5 Vdc min 
@ VOO 
= 15 Vdc 


fTo calculate total supply current at loads other then 50 pF: 


'TICL) 
= ITI50 pFI 
+4 x 10-3 
ICL -50) 
VOO' 


where: IT is in IJA (per package). CL in pF, VOO in Vdc, 
and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


II 


. 


CharKteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 
Yd. 


Output 
Rise Time 
A or B 
ITLH 
ns 


ITLH' 
13.0 ns/pFI 
CL + 30 ns 
5.0 
- 
180 
360 


ITLH' 
11.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
180 


ITLH· 
(1.1 ns/pF) 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time A or 8 
ITHL 
ns 


ITHL' 
(1.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


lTHL· 
(0.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


ITHL 
- (0.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
A (B) Synchronous 
Paralles Data Input, 
IPLH, 
ns 


B (AI Parallel 
oala 
OUIPUI 
IPHL 


IPLH, 
IpHL' 
11.7 ns/pF) 
CL + 440 ns 
5.0 
- 
525 
1050 


IpHL, 
IpHL' 
(0.66 ns/pF) 
CL + 172 ns 
10 
- 
205 
410 


IpLH, 
IPHL 
• (0.5 ns/pF) 
CL + 120 ns 
15 
- 
145 
290 


Propagation Delay Time 
A tB) Asynchronous 
Parallel Data Input 
IpLH, 
ns 


B (A) Parallel 
oala 
OUIPUI 
IPHL 
IpLH, 
IpHL 
• (1.7 ns/pF) 
CL + 420 n. 
5.0 
- 
505 
1010 


IpLH, 
IpHL 
• (0.66 ns/pF) 
CL + 147 ns 
10 
- 
180 
360 


IPLH, 
IpHL 
• la.5 ns/pF) 
CL + 105 ns 
15 
- 
130 
260 


Clock 
Pulse 
Widlh 
twH 
5.0 
340 
170 
ns 


10 
140 
70 
- 


15 
110 
55 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
2.5 
1.2 
MHz 


10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Clock Pulse Rise 
ITLH,ITHL 
5.0 
15 
jlS 


10 
- 
- 
5 
15 
- 
- 
4 


A, B Input Setup Time 
'su 
5.0 
100 
35 
ns 


10 
45 
15 
- 


15 
35 
12 
- 


High 
Lavel SE, PIS, A/S 
Pulse Widlh 
twH 
5.0 
600 
200 
ns 


10 
270 
90 
- 
15 
200 
80 


"A" 
Enable 
PIS 
A/B 
AIS 
MODE 
OPERATION! 


0 
0 
0 
X 
Serial 
Synchronous 
Serial 
data 
input, 
A and B parallel 
data outputs 
disabled. 


0 
0 
I 
X 
Serial 
Synchronous 
Serial data input, 
B·P.ralle' 
data outPut. 


0 
I 
0 
0 
Parallel 
B Synchronous 
Parallel 
data 
inputs, 
A-Paralle' 
data outputs 
disabled. 


0 
I 
0 
1 
Parallel 
8 Asynchronous 
Parallel 
data 
inputs, 
A,Parallel 
data 
outputs 
disabled. 


0 
I 
I 
0 
Parallel 
A-Parallal 
data inputs 
disabled, 
8-Parallel 
data outputs. 


0 
1 
I 
1 
Parallel 
A-Parallel 
data inputs disabled, 
B·Paraliel 
data outputs. 


1 
0 
0 
X 
Serial 
Synchronous 
serial data 
input, 
A·Parallel 
data outPut. 


I 
0 
I 
X 
Serial 
Synchronous 
serial data Input. 
B-Parallel 
data output. 


1 
1 
0 
0 
Parallel 
B-Synchronous 
Parallel 
data 
input. 
A·Parallel 
data output. 
.... 


1 
I 
0 
I 
Parallel 
B-Asynchronous 
Parallel 
data 
input. 
A·Parallel 
data output. 


I 
1 
1 
0 
Parallel 
A-Synchronous 
Parallel 
data input, 
B·Parallel 
data output. 


1 
1 
I 
1 
Parallel 
A-Asynchronous 
Parallel 
data 
input, 
B,Parallel 
data output. 


x ... Oon't 
Care 


tOutputl 
change et positive 
transition 
of clock 
in the serial mode 
and when 
the A/S 
input 
is low in the par. lei mode. 


During 
transfer 
from 
parallel 
to serial operation, 
AlS 
should 
remain 
low in order 
to prevent 
Os transfer 
into 
flip.flops. 


Oete 


A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
S.ri.IOata 
Input 


Enable 
A 


EXPANDED 
A/B 


BLOCK 
DIAGRAM 
Perallel/Seriel 
PIS 
Control 


Logic 


Asyn/Syn 
A/S 


Clock 


B1 
B2 
B3 
B4 
B5 
B6 
B7 
BB 


Oate 


The 
MC14034B 
is composed 
of eight 
register 
cells con- 
nected 
in 
cascade 
with 
additional 
control 
logic. 
Each 
register 
cell is composed 
of one "0" 
master-slave 
flip-flop 
with 
separate 
internal 
clocks, 
and two 
data 
transfer 
gates 
allowing 
the 
data 
to 
be transferred 
bidirectionally 
from 
bus 
A to 
bus 
B and 
from 
bus 
B to 
bus 
A, and 
to 
be 
memorized. 
Besides 
the 
single 
phase 
clock 
and 
the serial 
data inputs, 
the control 
logic provides 
four other 
features: 


A Enabls 
Input 
- 
When 
high, 
this 
input 
enables 
the 
bus A data 
lines. 
A/B 
Input 
(Data 
A or 
B) - 
Th is input 
controls 
the 
direction 
of 
data 
flow: 
when 
high, 
the 
data 
flows 
from 


bus 
A to 
bus 
B; when 
low, 
the 
data 
flows 
from 
bus 
B 
to bus A. 


PIS 
Input 
(Pwallel/Seriall 
- 
This 
input 
controls 
the 
data 
input 
mode 
(parallel 
or serial). 
When high, the data 
is 
transferred 
to the register 
in a parallel 
asynchronous 
mode 
or a parallel 
synchronous 
mode 
(positive 
clock 
transition). 


When low, 
the data 
is entered 
into 
the 
register 
in a serial 
synchronous 
mode 
(positive 
clock 
transition). 


A/S 
Input 
(Asynchronous/Synchronous 
to the 
Clock) 
- 
When 
this 
input 
is high, 
the 
data 
is transferred 
inde- 
pendently 
from 
the 
clock 
rate; 
when 
low, 
the 
clock 
is 
enabled 
and the data is transferred 
synchronously. 


A2 A3A4A5A6A1 
111819202122 
_lLLL 


6 Stages 
(Sam.es 
Stege 
1) 


A/B 
11 
S.,lel 10 
0••• 


Perellel 
13 
5erlel 


-rrr.- 
766432 
B2 B3 B4 BSB6 
B7 


11 


II 


\_-- 


Progr.mmable 
Pulse 
Gener.tor 


PIS 


AIS 


.Clock 


II 


II 


A "High" ("Low") on the Shift left/Shift 
Right input allows serial 
data 
on the Shift 
Left 
Input 
(Shift 
Right Inputl 
to enter 
the register 


on the positive transition of the clock signal. A "high" on the "A" 
Enable Input disables the "A" 
pafallel data lines on Reg. 1 and 2 and. 


enables 
the" 
A" datI 
lines on registers 
3 and 4 and allows 
parallel 
data 


into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel 
loading. 


When parallel inputs are not used Reg. 3 and 4 and associated logH: 
are not required. 


·Shift left input must be disabled during pafallel entry. 


® MOTOROLA 


4-BIT PARALLEL-IN!PARAllEL-OUT 
SHIFT 
REGISTER 


The 
MC 14035B 
4-bit 
shift 
register 
is constructed 
with 
MOS P- 


channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single mono- 


lithic 
structure. 
It consists 
of a 4-stage 
clocked 
serial-shift 
register 
with 
synchronous 
parallel 
inputs 
and 
buffered 
parallel 
outputs. 
The 
Parallel/Serial 
(P/S) 
input 
allows 
serial-right 
shifting 
of data 
or syn- 
chronous 
parallel 
loading 
via inputs 
OPO thru 
0P3. 
The True/Com- 


plement 
(T /C) input 
determines 
whether 
the 
outputs 
display 
the 
Q 
or 0 outputs 
of the 
flip-flop 
stages. 
J-K logic forms 
the serial input 
to the first 
stage. 
With the J and 
K inputs 
connected 
together 
they 
operate 
as a serial "0" 
input. 


This device 
may 
be effectively 
used 
for shift-right/shift-Ieft 
regis- 
ters, 
parallel-to-serial/serial-to-parallel 
conversion, 
sequence 
genera- 
tion, 
up/down 
Johnson 
or ring counters, 
pseudo-random 
code gener- 
ation, 
frequency 
and 
phase 
comparators, 
sample 
and hold 
registers, 
etc ... 


• 
4·Stage 
Clocked 
Serial-Shift 
Operation 


• 
Synchronous 
Parallel 
Loading 
of all Four 
Stages 


• 
J-K Serial 
Inputs 
on First Stage 


• 
Asynchronous 
True/Complement 
Control 
of all Outputs 


• 
Fully 
Static 
Operation 


• 
Asynchronous 
Master 
Reset 


• 
Oata Transfer 
Occurs 
on the Positive·Going 
Clock Transition 


• 
No Limit on Clock 
Rise and Fall Times 


• 
All Inputs 
are Buffered 


• 
6.0 MHz Operation 
@ VOO 
= 10 Vdc 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Oriving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC SupplV Voltage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 '0 VOO + 05 
Vdc 


DC Current 
Dram 
per Pm 
I 
10 
mAde 


OperatIng 
Temperature 
Range 
- 
AL Device 
TA 
-55 to .125 
°c 
CLlCP 
DevIce 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


INPUTS 
to OUTPUT 


C 
J 
"If 
R 
CO 
-r 
0 
0 
0 
0 
-r 
0 
1 
0 
00 (n - 1) 
~ 
t 
0 
0 
QO (n· 1) 
~ 
t 
t 
0 
1 
'- 
x 
x 
0 
aOI(n- 
1) 
x 
x 
x 
1 
0 


Ie 
"" Don't 
Car. 


PIS 
- 0 - S.rial Mode 
TIC - , - True Outputs 


4-BIT 
PARAL L EL-I NIP ARALL 
EL-QUT 


SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 
"".....1~SUffiX 
Denote. 


L 
C.ramic 
Package 


P 
Plastic 
Package 
A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited Operating 
Temperatur. 
Range 


II 


Voo 
Tlow , 
25°C 
ThiGh' 
Characteristic 
Symbol 
Vdc 
Min 
MI' 
Mi" 
Typ 
MI' 
Mi" 
MIX 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi" '" VooorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4'.95 
5.0 
- 
4.95 
- 
Vdc 
Vi" '" 0 or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(Va 
= 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
{Va 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
1VO = 0.5 or 4.5 Vdc} 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


{Va = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Devicel 
10H 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
I 


-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CLlCP Device) 
10H 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


{VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


{VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


{VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


{VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
t 1.0 
JoiAdc 


Input Current ICL/CP Device) 
lin 
15 
- 
t 0.3 
- 
to.OOOOl 
to.3 
- 
tl.0 
j.lAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
pF 
1Vin = 0) 


Quiescent 
Current 
(Al 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
J.lAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CLlCP 
DeYlce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
j.lAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Total Supply Current-·t 
IT 
5.0 
'T=(1.0"A/kHzlf+ 
'DO 
IJAdc 
(Dynamic plus Quiescent, 
10 
IT = (2.0 "A/kHz)! 
+ 100 
Per Package} 
15 
IT = (3.0 "A/kHz) 
f + 100 
ICL :: 50 pF on all outputs, all '" 
buffers switching) 


-Tlow:: 
-55°C for AL Device. -400C for CLlCP Device. 


Thigh:: 
+1250C for AL Device. +850C for CLlCP Device. 
#Noise immunity 
specified for worst·case input combination. 


Noise Margin for both "1" and "0" level""' 1.0Vdc min @ VDD 
"'-5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min@VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'TICLI 
= ITI50 pFI 
+ 1 x 10-3 
(CL -SOl VOOf 
where: IT is in p.A (per package), CL in pF, VDD in Vdc. and f in kHz is input frequency. 


- -The formulas given are for the typical characteristics only at 25°C. 


This device 
contlin, 
circuitry 
to protect 
the 
inputs 
egelnst 
damage 
due to high static 
voltages or electric 
fields; however, 
it is ad- 


vised that 
notfT'lll precautions 
be taken 
to ,void 
appliClition 
of eny voltage 
higher 
than 
fT'IIximum rated 
vottages 
to this high im- 


pedance 
circuit. 
For proper 
operatton 
it il recommended 
that 
Vin and Vout 
be constrained 
to the 
range Vss <; (Vin or Vout) 
"VOO· 
UnuMd 
input. 
mull 
always be tied to In Ipp'ropriate 
logic volt~.I.vel 
(I.g., eith.,. Vss or VDDL 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Moox 
Unit 
Vdc 


Output 
Rise Time 
tTLH 
n. 
tTLH z (3.0 n./pF) CL + 25 ns 
5.0 
;- 
100 
200 
tTLH = 11.5n./pF) CL + 12 n. 
10 
- 
50 
100 


tTLH = (1.1 n./pF) CL + 8.0 n. 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
n. 
tTHL = 11.5n./pF) CL + 47 n. 
5.0 
- 
100 
200 
tTHL' 
10.75 n./pF) CL + 24 n. 
10 
- 
50 
100 
tTHL = 10.55 n./pF) CL + 17 n. 
15 
- 
40 
80 


Propagation Delay Time, Clock or Reset to a 
tpLH, 
n. 
tpHL 
tPU-l', tpHL = (1.75 n./pF) CL + 223 ns 
5.0 
- 
300 
500 
tPLH. tPHL = (0.70 n./pF) CL + 89 n. 
10 
- 
130 
260 
tPLH. tpHL 
Z (0.53 n./pF) CL + 67 n. 
15 
- 
95 
190 
Clock Pulse Width 
twH 
5.0 
335 
135 
- 
n. 
10 
165 
45 
- 


-, 
15 
125 
40 
- 
Reset Pulse Width 
twH 
5.0 
400 
80 
- 
n. 
10 
175 
40 
- 
15 
130 
35 
- 


Clock Pulse Rise and Fall Time 
tTLH. tTHL 
5.0 
- 
10 
No Limit 
15 


Clock Pulse Frequency 
'ei 
5.0 
- 
2.5 
1.2 
MHz 
10 
- 
6.0 
2.0 


- 15 
- 
10 
3.0 


J·K Setup Time 
t.u 
5.0 
500 
120 
- 
n. 
10 
200 
50 
- 
15 
150 
30 
- 


PIS 
Control 
Setup Time 
t.u 
5.0 
500 
25 
- 
n. 
10 
200 
10 
- 
15 
150 
7.5 
- 


Parallel 
Input Setup Time 
t.u 
5.0 
500 
90 
- 
n. 
10 
200 
20 
- 
15 
150 
15 
- 


Dp312 


0p2 11o-{):o 


Op,100--{):0- 


0PO 
9 


1303 


K 
II 


,.02 


C 
6 


15 a1 


" 
so--{)o-- 


TIC 
2 
1 
QO 


Right Shift 
50';0' Input: 


R ••.• t 0·------------ 


Clock~---- 
_ 
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TRIPLE 
SERIAL 
ADDERS 


The MC14032B 
and MC1403BB 
triple 
serial adders 
have the clock 
and 
carry 
reset 
inptJts 
common 
to 
all three 
adders. 
The 
carry 
is 
added 
on the 
positive-going 
clock transition 
for the MC14032B, 
and 
on 
the 
negative-going 
clock 
transition 
for 
the 
MCI403BB. 
Typical 
applications 
include 
serial arithmetic 
units, 
digital 
correlators, 
digital 
servo 
control 
systems, 
datal ink 
computers, 
and 
flight 
control 
computers. 


• 
Static 
O'peration 
from 
de to 5.0 MHz 


• 
Buffered 
Outputs 


• 
Single·Phase 
Clocking 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low·power 
TTL 
Loads, 
One Low·power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated 
Tempera- 
ture 
Range. 


• 
Pin-for-Pin 
Replacement 
for CD4032B 
and CD4038B. 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Dram 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
'TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


This aevice 
contains circuitry 
to protect 
the inputs 8g8inst damage due to htgh 
static voltage. or electric fields; howe .•.er, it 
i$ advised thlt normel pree.uttons 
be 
taken to avoid application 
of any voltage higher than ~ximum 
rated voltage, to 
this high impedance circuit. 
For proper operation 
it is recommended thlt 
Vin and 
Vout be constrained to the range VSS <; (Vin or Vout) 
or;;; VOO' 


Unused inputs must always be tied to an appropriate logic voltage Ilvel 
(e.g., 
lither 
Vss or VOOI. 


MC14038B 


FOR COMPLETE 
DATA 
SEE MC14032B 


CMOS MSI 


I LOW-POWER COMPLEMENTARY 
MOSI 


Positi.,. 
Logic - 
MC140328 
N.ti.1 
LOVic- 
MCl4038B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
~8 


." ..... 
11SUffiX 
Oenot •• 


L 
Ceramic 
Package 
P 
Plastic Package 


A 
Extended 
Operating 
Temperatur. Range 
e 
limited 
Operating 
Temperatur. Range 


A110 
81" 
Invert 
1 
7 


A213 
8212 


Inyert 2 
5 


A316 
8314 
Inwrt 
3 
2 


Clock 
3 


<Any Retet 
6 


II 
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The 
MC14040B 
12-stage 
binary 
counter 
is constructed 
with 
MOS 
P-channel 
and N-channel 
enhancement 
mode devices 
in a single mono· 


lithic 
structure. 
This 
part 
is designed 
with 
an input 
wave 
shaping 
circuit 
and 
12 stages 
of 
ripple·carry 
binary 
counter. 
The 
device 
advances 
the 
count 
on 
the 
negative-going 
edge 
of the 
clock 
pulse. 


Applications 
include 
time 
delay 
circuits, 
counter 
controls, 
and fre· 


quency-driving 
circuits. 


• 
Fully 
Static 
Operation 


• 
Quiescent 
Current 
= 15.0 nA/package 
typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to lB Vdc 


• 
low 
Input 
Capacitance 
= 5.0 pF typical 


• 
Capable 
of Driving Two 
low·Power 
TTl 
loads, 
One low·power 
Schottky 
TTl 
load 
or Two HTl 
loads 
Over the Rated 
Temperature 
Range. 


• 
Common 
Reset 
line 


• 
13 MHz Typical 
Counting 
Rate 
@ VDD = 15 V 


• 
Pin-far-Pin 
Replacement 
for CD4040B 


R.ting 
Symbol 
Value 
Unit 


DC SupplV Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-<>.5to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
C Llep 
Device 
-40 to +85 


Storage Temperatur~ Range 
TUg 
4';5 to +150 
°c 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Mo,,,"O 1~SUffi' 
Donato, 


L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
Ext.nd~ 
Operating 


Temperature 
Range 
e 
Limited 
Operating 
Temperatur. R.nge 


CLOCK 
RESET 
OUTPUT 
STATE 
..r 
a 
No 
Change 
"- 
0 
Advance 
to next 
state 


X 
1 
AllOutputs.,.low 


04"" 
Pin 5 
AS"" 
Pin 3 
Q6. 
Pin 2 


07 - Pin 4 
08- 
Pin 13 
Q9. 
Pin 12 


Voo - Pin 16 


VSS'" 
Pin 8 


Voo 
Tlow + 
25°C 
Thiah+ 


Characteristic: 
Symbol 
Vd. 
Min 
MIX 
Min 
Typ 
Max 
Min 
MIX 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
.'"a or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
_. 


Input 
Voltage#: 
"0" Level 
VIL 
Vdc 
1VO - 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
-- 
2.25 
1.5 
- 
1.5 
(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO - 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
1VOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.6 
.- 
-1.3 
-225 
- 
-0.9 
- 
(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device) 
'OH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL Devicel 
lin 
15 
- 
10.1 
- 
10.00001 
10.1 
- 
11.0 
/JAde 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
10.00001 
10.3 
- 
11.0 
IlAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in = 0) 


Quiescent 
Current 
IAL 
Devicel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
'IJAdl; 
(Per Package) 
10 
- 
10 
- 
0.Q1 0 
10 
- 
300 
15 
- 
20 
.- 
0.015 
20 
- 
600 


QUiescent Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
j.lAdc 


(Per 
Package I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Total 
Supply 
Current-·t 
IT 
5.0 
IT = 10.42 ~A/kHz) 
f + 100 
/JAde 


(DynamIC 
plus 
Quiescent, 
10 
IT = 10.85 ~A/kHz) 
f' 
'DO 


Per Package) 
15 
IT = 11.43 ~A/kHzl 
f • 100 


(CL 
• 50 pF 
on 
all outputs, 
all 


buffers 
switching) 


-Tlow"" 
-55°C 
for 
AL 
Device. 
-40oC 
for CLlCP 
Device. 


Thigh;; 
+12SoC 
for 
AL 
Device. 
+8SoC 
for 
CLlCP 
Device 
. 


.I:ONoise Immunity 
spedfied 
for 
worst-case 
input 
combination. 


NOise 
Margin 
for 
both 
"1" and "0" level 
," 1.0 Vdc 
min@ 
VOO 
'" 5.0 Vdc 
2.0 Vdc min @ VOO 
' 10 Vdc 


2.5 
Vdc 
min@VOO 
"" 15 Vdc 


tTa 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


lTICL' 
= ITI50 pF) + 1 x 10-3 
ICL -501 VOO' 


where: 
IT is in f.jA h)er 
package). 
CL 
in pF. 
VDO 
in Vdc. 
and 
f in 
kHz 
is 


input 
frequency_ 


··The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 2SoC. 
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Ch.'.eteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vd. 


Output 
Rise Time 
lTLH 
n. 


tTLH 
- 13.0 n./pF) 
CL + 30 n. 
5.0 
- 
100 
200 


tTLH 
- 11.5 n./pFI 
CL + 15 n. 
10 
- 
50 
100 


tTLH' 
11.1 n./pFI 
CL + 10 n. 
15 
- 
40 
80 


Output 
Fall Time 
lTHL 
n. 


tTHL' 
11.5 n./pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL' 
10.75 n./pFI 
CL + 12.5 n. 
10 
- 
50 
100 


tTHL' 
10.55 ns/pF) CL + 9.5 n. 
15 
- 
40 
80 


Propagation 
Delay 
Time 
tPLH. 
n. 


Clock to Ql 


tpHL. tpLH = (1.7 
ns/pFI CL + 315 ns 
tPHL 
5.0 
- 
400 
800 
tpHL. tpLH = 10.66 ns/pFI CL + 137 ns 
10 
- 
170 
340 
tpHL. tpLH = 10.5 ns/pFI CL + 95 ns 
15 
- 
120 
240 
Clock to Q12 
liS 


tpHL. tpLH ~ 11.7 ns/pFI CL + 2415 
ns 
5.0 
- 
2.5 
5.0 


tPHL. tpLH = 10.66 ns/pF) CL + 867 
ns 
10 
- 
0.9 
1.8 


tPHL. tpLH = 10.5 ns/pFI CL + 475 
nd 
15 
- 
0.5 
1.4 


ProPagation Delay Time 
tPHL 
ns 
Reset to an 
tPHL 
c 11.7 n./pFI 
CL + 485 ns 
5.0 
- 
570 
1620 
tPHL = 10.66 n./pF) 
CL+ 182 ns 
10 
- 
215 
600 
tPHL 
= 10.5 ns/pFI CL + 145 n. 
15 
- 
170 
450 


Clock Pulse Width 
tWH 
5.0 
385 
140 
- 
n. 
10 
150 
55 
- 
15 
115 
38 
- 


Clock Pulse.Frequency 
fel 
5.0 
- 
2.1 
1.5 
MHz 
10 
- 
7.0 
3.5 
15 
- 
10.0 
4.5 


Clock Rise and Fall Time 
tTLH. tTHL 
5.0 
n. 
10 
No Limit 
15 


ReMt Pulse Width 
twH 
5.0 
960 
320 
- 
ns 
10 
360 
120 
- 


15 
270 
80 
- 


1 
2 
4 
8 
16 
32 
64 
128 
256 
512 
1024 
2048 
4096 
CiOck 1S1S1..1l.-J LJ LJ L..JL..JL..JL..JL..JL..JL..JL..JL.. 


01~ 
L- L- L- L- L- L- L- L- L- L- L.. 


02 __ 
~! 
L- L- L- L- L- L- L- L- L- l- 
L.. 


03 
-r- L- L- l- 
L- L- L- L- L- l- 
L 


04 
-r- L- L- L- l- 
l- 
L- L- l- 
L.. 


05 
....s- L- L- L- l- 
L- L- l- 
L.. 


06 
....s- L- L- l- 
L- L- L- L.. 


07 
--.r- L- l- 
L- L..:- L- L.. 


as 
. 
-r- L- L- l- 
L- L.. 


09 
. 
....s- L- l- 
L- L.. 


010 
-r- L- L- L 


011 
....s- L- L.. 


012 
....s- L.. 


TIME·BASE 
GENERATOR 


A 60 Hz sinewave obtained through 
a 1.0 Megohm 
resistor connected directly 
to a standard 120 Vac power 
line is applied to the clock input of the MC14040B. By 
selecting outputs 
05, 
010, 
011, 
and 012 
division 
by 


3600 is accomplished. The MC14012B decodesthe counter 
outputs, 
produces a single output 
pulse, and resets the 
binary 
counter. 
The resulting output 
frequency 
is 1.0 
pulse/minute. 


1.0M 
MC14040B 


-.C\:r- 


C 
05 
1.0 Pulse/Minute 


;;;'20pFJ 
Q10 
Output 


120 
V8C 
60 Hz 
011 


~ 


A 
012 


VSS 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 
however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 
mum rated voltages to this high impedance circuit. For proper operation it is recommended 
that Vin and Vout be 
constrained 
to the range VSS " 
(Vin or Vout) < VOO' 
Unused inputs must always 
be tied to an appropriate 
logic voltage level (e.g. either VSS or VOOI. 
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The MC14042B 
Quad Transparent 
Latch is constructed 
with 
MaS P-channel and N-channel enhancement 
mode devices in a 
single monolithic 
structure. 
Each latch has a separate data input, 


but all four 
latches share a common 
clock. 
The clock 
polarity 


(high or lowl 
used to strobe 
data through 
the latches 
can be 


reversed using the polarity input. Information 
present at the data 
input is transferred 
to outputs 
Q and IT during the clock 
level 
which is determined by the polarity input. When the polarity input 
is in the logic "0" 
state, data is transferred 
during the low clock 
level, and when the polarity 
input is in the logic "1" 
state the 
transfer occurs during the high clock level. 


• 
Buffered Data Inputs 


• 
Common Clock 


• 
Positive or Negative Edge Clocked 


• 
Q and Q Outputs 


• 
Double Diode Input Protection 


• 
No Limit on Clock Rise or Fall Times 


• 
Quiescent Current = 2.0 nA/package typical @ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of 
Driving 
Two 
Low·power TTL 
Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL 
Loads Over the Rated Temper· 
ature Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


OperatIng 
Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


QUAD 
TRANSPARENT 
LATCH 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


." ..... ItSU";' 
Denote. 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 
Temperatur. Range 


LOGIC DIAGRAM 
16 


15 


5 
3 
14 


Clock 
4 
13 


Polarity 
00 
12 
6 
6 
11 


10 
8 
9 


CLOCK 
POLARITY 
Q 


0 
0 
Oete 
f 
0 
Latch 
1 
1 
O•• e 
'- 
1 
Lot.c:h 


Voo 
Tlow. 
25°C 
Thi 
h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Ty.p 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vi"" 
VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
- 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
0 Inputs 
"0" 
Level 
VIL 
Vdc 
(VO 
= 4.5 or 0.5 VdcJ 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO 
= 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO 
= 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 . 
- 
4.0 
"1" Level 
VIH 
(VO 
= 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO 
= 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Input Voltage 
C,P Inputs 
"0" 
Level 
VIL 
Vdc 
(VO 
= 4.5 or 0.5 VdcJ 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO 
= 9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO 
= 13.5 or 1.5 Vdc) 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.75 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO 
= 1.5 or 13.5 Vdc) 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Output Drive Current (AL Device) 
IOH 
mAde 
(VOH 
= 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1. 
7 
- 


(VOH 
= 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 VdcJ 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH 
= 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 VdcJ 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 VdcJ 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current IAL Device) 
lin 
15 
±0.1 
±0.00001 
±0.1 
± 1.0 
}JAde 


Inpu~ Current 
(CLlCP Devicel 
lin 
15 
- 
± 0.3 
- 
±O.OOOOI 
±0.3 
- 
± 1.0 
jolAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin 
= 0) 


Quiescent Current 
IAL 
Device) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
}JAde 
(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent Current 
(CLlCP Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
,uAdc 
(Per Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supply 
Current· 
*t 
IT 
5.0 
IT ~ (1.0 "A/kHz) 
I + 100 
,uAde 
(Dynamic 
plus Quiescent, 
10 
IT • (2.0 "A/kHz) 
I + I DO 
Per Package) 
15 
IT = (3.0 "A/kHz) 
I + 100 
ICL '" 50 pF on all outputs, all 
buffers SWitching) 


-TIOW -'= -SSoC for AL Device, -40oC for CLlCP Device. 
Thigh:; 
+12SoC for AL Device. +8SoC for CL/CP Device. 


-=Noise immunity 
spedfied 
for WOrst-caseinput combination. 


Noise Margin for both "1" 
and "0" 
level:; 
1.0 Vdc min@ VDD 
:; S.O Vdc 


2.0 Vdc min@ 
VOO 
= 10 Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than SOpF: 


IT(CL) 
• IT(50 pF) + 4 x 10-3 (CL -50) VOOI 
where: IT is in Jl,A (per package), CL in pF, VOO in Vdc. and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics 
only at 2SoC. 


IJ 


B 


SWITCHING CHARACTERISTICS· 
ICL: 
50 pF, TA 
Z 250CI 


Characteristic 
Symbol 
VDD 


tTLH 
Output 
Rise Time 
tTLH = (3.0 ns/pFI CL + 30 ns 
tTLH = (1.5 ns/pF) CL + 15 ns 
tTLH = 11.1 ns/pF) CL + to ns 


Output 
Fall Time 
tTHL = (1.5 ns/pFI CL + 25 ns 
tTHL (0.75 ns/pF) CL + 12.5 ns 
tTHL (0.55 ns/pFI CL + 9.5 ns 


I'ropagation 
Delay Time, 
0 to Q, a 
tPLH tpHL 
r (1.7 ns/pFI CL + 135 ns 
tPLH' tPHL = 10.66 ns/pFI CL + 57 ns 
tPLH: tpHL = 10.5ns/pF) CL + 35 ns 


Propagation 
Delay Time, 
Clock to Q, a 
tPLH, tPHL = (1.7 ns/pFI CL + 135 ns 
tPLH, tpHL : (0.66 ns/pFI CL + 57 ns 
tpLH, tpHL = (0.5 ns/pF) CL + 35 ns 


Clock Pulse Width 


I 


Clock RIse TIme 


Hold Time 


FIGURE 1 - AC AND POWER DISSIPATION TEST CIRCUIT AND TIMING DIAGRAM 
(Da'a '0 Output) 


QO 
2 
Data Input 
00 
3 


Q1 
10 
DO 
01 
9 


11 
Q Output 
01 
Q2 


02 
12 
02 
Q3 
a. Output 
03 
03 
15 


For Power Dissipation test, each output is 8 
VSS 


loaded 
with 
capacitance 
CL. 


Pul. 
Generator 
Ck)ck 
00 
2 
1 
6 
00 
3 
Polarity 
Pulse 
4 
01 
10 
Generator 
DO 
01 
9 
2 
01 
02 
11 


02 
12 
02 
03 
1 


03 
03 
15 


Note: CL connect.cJ to output 
under t••t. 


VSS 
8 
B 


This device 
contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due to high static voltages 
or electric 
fields; however, 
it is ad- 
vised that 
normal 
precautions 
be 'taken 
to avoid 
application 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this high im- 
pedance 
circ~it. 
For proper 
operation 
it is recommended 
that 
Vin and Vout 
be constrained 
to the range 
Vss 
iii; (V in or Vout) 
•• VOO' 
I 
Unused 
inputs 
must always be tied to an appropriate 
logic voltage 
level (e.g., either 
VSS or VOOL 


II 


® MOTOROLA 
MC14043B 
QUAD "NOR" 
R-S LATCH 


CMOS MSI 
QUAD 
R-S LATCHES 


MC14044B 
QUAD'~AND"R~LATCH 


The 
MC14043B 
and MC14044B 
quad 
R-S latches 
are constructed 
with 
MOS P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a 


single 
monolithic 
structure. 
Each latch has an independent 
Q output 


and 
set 
and 
reset 
inputs. 
The 
Q outputs 
are gated 
through 
three- 


state 
buffers 
having 
a 
common 
enable 
input. 
The 
outputs 
are 
enabled 
with 
a logical 
"1" 
or 
high on 
the 
enable 
input; 
a logical 
"0" 
or 
low' 
disconnects 
the 
latch 
from 
the 
Q 
outputs, 
result- 


ing in an open 
circuit 
at the Q outputs. 


• 
Quiescent 
Current 
= 4.0 nA/pkg 
typical 
@ 10 Vdc 


• 
Double 
Diode 
Input 
Protection 


• 
Three-State 
Outputs 
with 
Common 
Enable 


• 
Outputs 
Capable 
of 
Driving 
Two 
Low-Power 
TTL 
Loads, 
One 
Low-Power 
Schottky 
TTL 
Load, 
or Two 
HTL 
Loads 
Over the 
Rated 
Temperature 
Range 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


L SUFFIX 


CERAMIC 
PACKAGt: 
Cl\SE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Me"" '" ~':" 
c.,::"::,.. 


P 
PlastiC Package 


. A 
Extended 
Operating 


Temperature 
Range 
C 
LimIted 
Operating 
Tt>mperature 
Rangt! 


5 R E 
Q 


X X 0 
HIgh 
Impedance 


0 0 
1 No Change 


0 
1 
1 
0 
1 0 
1 
1 
1 1 
1 
1 


5 R E 
Q 


X XO 
High 


Impedance 
0 
0 1 
0 
0 
1 1 
1 
1 
01 
0 
1 
11 
No Change 


Voo 
T10w . 
25°C 
Thi h- 


Ch~r.ct.ristlc 
Symbol 
Vde 
Min 
Ma. 
Min 
Typ 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


V.n-VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
.- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
495 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


V1n -0 
or VOD 
10 
9.95 
- 
995 
10 
- 
9.95 
- 


15 
1495 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage-- 
"0" level 
VIL 
Vde 
1VO = 4.5 or 05 
Vdel 
5.0 
- 
15 
- 
2.25 
1.5 
- 
1.5 


1VO = 9 0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO= 
13.5 or 1.5 Vde) 
15 
- 
4.0 
- 
675 
4.0 
- 
4.0 


"". 
Level 
VIH 
(VO - 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vde 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO-l 
5 or 13 5 Vdcl 
15 
11.0 
- 
'1.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Cunent 
(AL 
Device) 
IOH 
mAde 


1VOH - 25 
Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH = 4.6 Vdcl 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
1VOH - 9.5 Vde) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH -13.5 
Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
50 
0.64 
- 
051 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1 3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP DeVice) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH - 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH =9.5 
Vde) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
044 
0.88 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL - 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AI. 
DeVice) 
lin 
15 
- 
'01 
- 
'000001 
±Q 
1 
- 
t 1.0 
~Adc 


Input 
Current 
(CLtCP 
DeVice) 
lin 
15 
- 
'03 
- 
~O.OOOO1 
'0.3 
- 
, 1.0 
lJAdc 


Input 
CapacItance 
Gin 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 
(V1n =01 


QUiescent 
CUlfent 
(AL 
DeVice) 
100 
50 
- 
1.0 
- 
0.002 
1.0 
- 
30 
IJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


OUlescenl CUf,ent 
(CLlCP DeVice) 
'DO 
50 
- 
4.0 
- 
0.002 
4.0 
- 
30 
/JAde 


(Per 
Package) 
10 
_. 
8.0 
- 
0.004 
8.0 
- 
60 


15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supplv 
Current··t 
IT 
5.0 
IT' 
10.58 ~A/kHll 
f + 
'DO 
IJAdc 
(Dvnamic plus Quiescent, Per Package) 
10 
IT' 
11.15 ~A/kHl) 
f + 
'DO 
(CL :: 50 pF on all outputs. all outputs 
15 
'T = 11.73 ~A/kHl) 
f + 
100 
switching) 


Three-State Output Leakage Current 
ITL 
15 
- 
to.l 
- 
to.OOOl 
to.l 
- 
t3.0 
,&lAdc 


(I\l 
nevlcel 


Three-State Output Leekage Current 
'TL 
15 
- 
t1.0 
- 
to.OOOl 
t1.0 
- 
t7.5 
JJAdc 
(CL/CP Dev;eal 


-Tlow" 
-550C for AL DeVIce. -40oC for CL/CP Device. 


Thigh"" +12SoC for AL Device +8SoC for CL/CP DeVice. 


.-Noise Immunity specIfied for worst 
case Input combination 
NOiseMargin for both "1" and "0' 
level::: 1.0 Vdc min@l VOO 
- 
5.0 Vdc 
2.0 Vdc m;n @ VOO = 10 Vdc 
2.5 Vdc min@ 
VOO = 15 Vdc 
fTo calculate total supply current at loads other than 50 pF. 


'TICL) 
" 'TI50 
pFI .4. 
10-3 
ICL -50) VOO' 
where 
IT IS In JJAlper package). CL in pF. VDO in Vdc. and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 250C. 


B 


II 


This device contains circuitry 
to protlct 
the inputs 
against 
damage 
dUI to high static 
voltages or electric fields; however, it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than 
maximum 
rlted 
voltages 
to 
this 
high 


impedance circuit. For proper operation it 
is recommended that 
Vi" 
and 
Vout 
be 
constrained to 
the range VSS "" (Vi" 
or 


Voull "VOO' 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., tith.r 
VSSor VOOI. 


Aating 
Symbol 
Va1uI 
Unit 
DCSupply Voltage 
VOO 
-0.510 +18 
Vde 


Input Voltage. All Inputs 
Vi" 
-0.510 VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperatur. 
Range - 
AL Device 
TA 
-5510 +125 
°c 
CL/CP Device 
-4010 +85 


Storage Temperature 
Range 
TUg 
-6510 +150 
°c 


Characteristic 
Symbol 
VDD 
Min 
Typ 
MIx 
Unit 
Vde 


Output 
Rise Time 
ITLH 
n. 
'TLH· 
11.35n./pFI CL + 32.5 n. 
5.0 
- 
100 
200 
ITLH - 10.60n./pF) CL + 20 n. 
10 
- 
60 
100 
ITLH • 10.40n./pF) CL + 20 n. 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
n. 
tTHL· 
11.35n./pF) CL + 32.5 n. 
5.0- 
- 
100 
200 
'THL· 
10.60n./pF) CL + 20 n. 
10 
- 
50 
100 
'THL· 
10.40n./pF) CL + 20 n. 
15 
- 
40 
80 


ProPagation Delay Time 
tpLH 
n. 
tPLH - 10.90n./pF) CL + 130 n. 
5.0 
- 
175 
360 
IPLH· (0.35 n./pFI CL + 57 n. 
10 
- 
75 
175 
tpLH· 
10.26n./pFI CL + 47 n. 
15 
- 
60 
120 
tpHL· 
10.90n./pFI CL + 130 n. 
tPHL 
5.0 
- 
175 
350 
n. 
tpHL - (0.90 n./pF) CL + 57 n. 
10 
- 
75 
175 
tpHL· 
10.26n./pF) CL + 47 n. 
15 
- 
60 
120 
SIt Pul•••Width 
twH 
5.0 
200 
80 
- 
n. 
10 
100 
40 
- 
15 
70 
30 
- 
R_t 
Pul•••Width 
twH 
5.0 
200 
80 
n. 
10 
100 
40 
- 
15 
70 
30 
- 
Th••• Stete Enabie/OiAble Delay 
tpLZ. 
5.0 
- 
150 
300 
n. 
tpHZ 
10 
- 
80 
160 
15 
- 
55 
110 


MC14043B 
MC14044B 


TEST 
S 
R 
S1 
S2 
a 
S1 
S2 
a 


tpLZ 
Voo 
VSS 
Open 
Closed 
A 
Closed 
Open 
B 


tpLZ 
VSS 
VOO 
Closed 
Open 
B 
Open 
Closed 
A 


tpHZ 
VOO 
VSS 
Open 
Closed 
A 
Closed 
Open 
B 


tpHZ 
VSS 
VOO 
Closed 
Open 
B 
Open 
Closed 
A 


To 
Output 
Under 
Teat 
II 


II 


® MOTOROLA 


PHASE-LOCKED 
LOOP 
The MC14046B phase-locked loop contains two phase compara- 
tors, 
a voltage-controlled 
oscillator 
(VCO), source follower, 
and 


zener diode. 
The 
comparators 
have two 
common 
signal inputs. 


PCAin and PCBin. Input PCAin can be used directly coupled to large 
voltage signals, or indirectly 
coupled (with 
a series capacitorl to 
small voltage signals.The self·bias circuit adjusts small voltage signals 
in the linear region of the amplifier. Phasecomparator 1 (an exclu- 
sive OR gate) provides a digital error signal PClout, 
and maintains 
900 phase shift at the center frequency between PCAin and PCBin 
signals (both at 50% duty cycle). Phasecomparator 2 (with leading 
edge sensing logic) provides digital error signalsPC20ut and PCPout, 
and maintains a 00 phase shift between PCAin and PCBin signals 
(duty cycle is immaterial). The linear VCO produces an output signal 
VCOout 
whose frequency 
is determined 
by the voltage of input 
VCOin and the capacitor and resistors connected to pins C1A, C1B, 
Rl, and R2. The source-follower output SFout with an external reo 
sistor is usedwhere the VCOin signal is needed but no loading can be 
tolerated. The inhibit 
input 
Inh, when high, disables the VCO and 
source follower to minimize standby power consumption. The zener 
diode can be used to assistin power supply regulation. 
Applications 
include FM and FSK modulation and demodulation, 
frequency synthesis and multiplication, 
frequency discrimination, 


tone decoding, data synchronization 
and conditioning, 
voltage·to- 
frequency conversion and motor speed control. 


• 
VCO Frequency = 1.4 MHz Typical @VDD = 10 Vdc 
• 
VCO 
Frequency 
Drift 
with 
Temperature = 0.04%/oC 
Typical 
@VDD= 
10 Vdc 


• 
VCO Linearity = 1%Typical 
• 
Quiescent Current = 5.0 nA/package typical @5 Vdc 
• 
Low Dynamic Power Dissipation - 
70 IJ.WTypical @fO = 10 kHz, 
VDD = 5.0 Vdc, Rl = 1.0 MH, R2 = 00, RSF = 00 


• 
Buffered Outputs Compatible with 
MHTL and Low·Power TTL 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 to 18 Vdc 


• 
Pin·for·Pin Replacement for CD4046B 


• 
Phase Comparator 
1 is an Exclusive 
Or Gate and is Duty 
Cycle Limited 


• 
Phase Comparator 
2 switches 
on Rising Edges and is not 
Duty Cycle Limited 


13 PC20ut 


1 
PCPout 


•• 
VCOout 
11 
Rl 
12 R2 
6 
C'A, 


7 
C18 


PHASE-LOCKED 
LOOP 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


This 
device 
contains 
circuitry 
to 
protect 
the inputs 
against 
damage due to high static 
Yoltages or electric fielck. hOMyer. 
It 
IS 


advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 
Impedance circuit. For proper operation it 


IS 
recommended that 
Vin 
and 
Vout 
be 
constrained to the range VSS 
<; (Vin or 
Voutl "VOO· 
Unused 
inputs 
must 
always 
be tied to an 
appropriate logic voltage level (e.g.. either 
Vss or VOOL 
Pins 6.7. 
10. 11. 12. and 
15 if unused must be left open. 


Rating 
Symbol 
Value 
Unit 


DC SupplV Voltage 
VOO 
-05to+18 
Vdc 


Input 
Voltage. 
All Inputs 
V,n 
-0.5 to Vao 
+ 0.5 
Vdc 


OC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range' 
AL Device 
TA 
-55 to +125 
°c 
C LlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to ·'50 
°c 


VoOo 
Tlow. 
250C 
Th·••••• 


CharKt.,istic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin ~ VDDorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin",OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage~ 
"0" 
Level 
VIL 
Vdc 


1VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO' 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


1VO' 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Orive Current 
IAL Oevice) 
IOH 
mAdc 


(VOH • 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH '4.6 
Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH • 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH • 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL • 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAdc 
1VOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Orive Current 
(CLlCP 
Device I 
IOH 
mAdc 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH' 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL • 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL Device) 
lin 
15 
- 
:to.l 
- 
.0.ססoo1 
:to.' 
- 
.1.0 
IJ.Adc 


Input 
Current 
(CLlCP Device) 
lin 
15 
- 
:to.3 
- 
.0.ססoo1 
'0.3 
- 
'1.0 
IJ.Adc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IVin = 01 


Quiescent 
Current 
IAL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJ.Adc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
lInh - "I" 
and PCA - "1'" 
15 
- 
20 
- 
0.015 
20 
- 
600 
Quiescent 
Current 
(CLlCP DevtCe) 
100 
5.0 
- 
20 
- 
0,005 
20 
- 
150 
IJ.Adc 
(Per Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 
lInh - "I" 
and PCA - "1'" 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Totll 
Supply 
Current 
t 
IT 
5.0 
IT' 
11.46 ~A/kHzl 
1 + 100 
IJ.Adc 
lInh - "0",10 
- 10 kHz, Cl - 50 pF, 
10 
IT' 
(2.91 ~A/kHzl 
t + 100 
Rl-l 
MO,R2--,RSF--,ond 
15 
IT' 
14.37 ~A/kHz) 
t + 100 
60" 
Duty Cycla) 


-Tlow'" 
-55°C 
for AL DeVice. -40oC 
for CLlCP 
Device. 


Thigh 
-= +'2SoC 
for AL Device. 
+8SoC for CLlCP 
Device . 


.#Noise Immunity 
sPeCified 
for worst-case 
input 
combination. 


Noise Margin 
for both 
"'" 
and "O"level 
-= '.0 
Vdc min@VOD 
'" 5.0 Vdc 


2.0 Vdc min @ VOO 
• 10 Vdc 
2.5 Vdc min @ VOO 
• 15 Vdc 


tT 0 Calculate 
Totel Current 
in General: 


IT - 2.2 • VOO 
(VCO~I-I.65 
+ VOOR-;·35 )3/4 
+ 
1.6. 
(VCOi~~;.65) 
314 + 1 • 10-3 ICl + 91 VQO 
f+ 


1 x 10-1 
V002 
(100.% 
outylCooYde01 PCAin\ + IQ 
where: 
IT in ~A, Cl 
in pF, VCOin, VOO in Vdc, 1 In KHz, ond 
J 
Rl, 
R2, RSF 
in Mn.cL 
on VCOo~t. 


II 


Minimum 
Maximum 


VDD 
AL 
CLfCP 
Typical 
AL 
CL/CP 
Charact.istlc 
Symbol 
Vdc 
Device 
Device 
All Tv".. 
Device 
Device 
Units 


Output 
Rise Time 
'TLH 
ns 


'TLH 
: 13.0 nsfpFI CL + 30 ns 
5.0 
- 
180 
350 
400 
tTLH 
= 11.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
150 
200 
tTLH.: 
(1.1 ns/pFI 
CL + 10 os 
15 
65 
110 
160 


Output 
Fall TIme 
'THL 
ns 


'THL 
• 11.5 ns/pFI CL + 25 ns 
50 
.. 
100 
175 
200 
'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
- 
50 
75 
100 
tTHL 
~ (0.55 ns/pFI CL + 9.5 ns 
15 
- 
37 
55 
80 


Input 
ReSistance 
- peA1n 
Aon 
5.0 
1.0 
1.0 
2.0 
Mil 


10 
0.2 
0.2 
04 
- 
_. 


15 
01 
01 
02 
- 


+- PCBIn 
A,n 
15 
150 
15 
1500 
- 
Mil 


Minimum 
Input 
Sensitivity 
Von 
5.0 
- 
- 
200 
300 
400 
mVp-p 
AC Coupled - peA;n 
10 
400 
600 
800 


C series::: 
1000 pF. f '" 50 kHz 
15 
700 
1050 
1400 


DC Coupled 
-- PCAm. 
PCBm 
5 to 15 
See NOise Immunity 


MaXimum 
Frequency 
fmax 
5.0 
0.50 
0.35 
0.70 
- 
MHz 


IVCO,n 
= VOO. Cl 
= 50 pF, 
10 
1.0 
0.7 
1.4 
- 


R 1 = 5 kll, 
and 
R2 
= .•••) 
15 
1.4 
1.0 
1.9 
- 


Temperature 
Frequency 
Stability 
5.0 
- 
- 
012 
o/r.,/oC 


IA2' 
-I 
10 
- 
0.04 
- 


15 
- 
- 
0.Q15 
- 


Linearity (R2 "" "") 
% 


IVCOon = 2.50 v, 
030 
V, Al 
10 kl!1 
5.0 
- 
1 
- 
- 


(VCO,n 
= 500 
V, 
2.50 V, AI.' 
400 kill 
10 
- 
1 
- 
- 


IVCO,n 
= 7.50 V' 
5.00 V, Al 
;·1000 
kHI 
15 
1 
- 


Output 
Duty 
Cycle 
5 to 15 
- 
50 
.•.. 


Input 
Resistance 
- VCOIO 
R,n 
15 
150 
50 
1500 
- 
MH 


Offset Voltage 
- 
5.0 
- 
- 
1.65 
2.2 
2.5 
Vdc 


(VeOin 
mmus SFout• RSF > 500 kU) 
10 
- 
- 
1.65 
2.2 
2'5 


15 
- 
- 
1.65 
2.2 
25 


Linearity 
0. 


IVCOon' 
2.50 V, 
0.30 V, ASF > 50 kill 
5.0 
- 
0.1 
.. 


(VCO,n = 5.00 V , 2.50 V, ASF > 50 kill 
10 
.- 
0.6 
- 


IVCOon = 7.50 V • 5.00 V, ASF > 50 kill 
15 
- 
- 
08 
- 
- 


ZENER DIODE 


Zener Voltage 01 = 50 ~Al 


DynamiC 
Resistance 
(Iz '" 1 mAl 


• The formulae 
given are for the typical 
characteristics 
only. 


FIGURE 
1 - 
PHASE 
COMPARATORS 
STATE 
DIAGRAMS 


PHASE 
COMPARATOR 
1 


Q 


PCAin'0PCBin 


Chllr.ct.istic 
Using PM" 
ComlM,.tor 
1 
Using Phase Comparator 
2 


No signal on input PCAin- 
VCO in PLL system adjusts to center frequency 
VCO in PLL system adjusts to minimum 
fre- 
1101. 
quency (fmin). 


Phase eng4ebetween PCAin and PCSin. 
goo at center frequency 
(fa), 
approaching 00 
Always CO in lock (positive rising edges). 


and 
180" 
at ends 
01 lock 
range 
121LI. 


Locks on harmonics of center frequency. 
Yes 
No 


Signel 
input noise rejection. 
High 
Low 


Lock 
lrequancy 
range 
121LI. 
The frequency range of the input signal on which the loop will stay locked if it was 
initiatly in lock. 
2fl - full VCO frequency range· 
'max - 'min. 


Captur. 
frequency range (2fC)' 
The fTequency 
range of the input signal on which the loop will lock jf it was initially 


00101 lock. 


Oepends on low-pass filter characteristics 
IC=IL 
lsee Figure 
31. 
IC <; IL 


Center frequency 
(fa). 
The frequency of VCOout. 
when VCOin - 1/2 VOO 


VCO output 
Irequency 
Ill. 


fmin 
I 
IVCO 
input 
- VSSI 
Note: 
Th ••.• equations ~re intended 
= 


R2ICl+ 
32 pFI 
to be • de.lgn guide. Since c.lculated 
compOnent 
wlues 
may 
be in error 
by 
_ 
much _ 
• fector 
of 4. lebor· 
fmax 
., 
I 
fmin 
IV CO input· 
VOOI 
otOfY 
experimentation 
moy 
be 
re· 
RllCl 
+ 32 pFI 
+ 
qulred 
lor 
II.ad 
designl. 
Plrl 
to 
perl 


INquincy 
veri.tion 
with 
identical 
_IVI 
components 
II 
I- 
than 
Wha •• : 
10K<;Rl 
<; 1M 
*20". 
10K <; R2" 
1M 
1OOpF <;Cl 
<; .01 "F 


II 


Ph••• 
Comparator 
2 


~ 


VOO 


PCAin 
Vss 
. 
, 


I 
I 


~ 


I 
VOH 
PCBin 
I 
I 
: . 
I: 
VOL 
---il 
'u' 
VOH 
PCPOut 
U 
I : 
: :-----VOL 


PC20ut --1i 
:; 
VOH 
U-----VOL 


-VOH 


rEII~r-;al-"" 
~ 


+N 
L_C~~~..J 


PHASE 
LOCKED 
LOOP 
- 
LOW 
PASS 
fiLTER 
DESIGN 


POOUI~VCO 


RI 
_...L 
CI 


1 
= ---- 
R1CS 
+ 
1 


V' 
K~KVCO 


NCIRI 
+ R21 


DEFINITIONS: 
N = 
Total 
Division 
Ratio in feedback 
loop 


KG 
= Von/n 
for Phase Comparator 
1 
1<4 = VOO/4n 
for 
Phase 
Comparator 
2 


Kvco=~ 
6VvCO 


for a typical design W N Ql 
~ 
(at phase detector 
input) 
10 


~ '" 0.707 


Phase 
Com~r.tor 
1 
r---l 
Ii-VOO 
---l 
L----l 
L-- 
VSS 


® MOTOROLA 


The MC14049UB 
hex inverter/buffer 
and MC14050B 
non- 


inverting 
hex buffer are constructed 
with 
MOS P-channel and 
N-channel 
enhancement 
mode devices 
in a single monolithic 
structure. 
These complementary 
MOS devices find primary use 
where 
low 
power 
dissipation 
and/or 
high 
noise immunity 
is 
desired. These devices provide logic-level conversion using only 
one supply voltage. 
VDD' The input-signal 
high level (VIH) can 
exceed the VDD supply voltage for logic-level conversions. 
Two 
TTUDTL 
Loads can be driven 
when the devices are used as 
CMOS-to-TTUDTL 
converters 
(VDD = 5.0 V, VOL <, 0.4 
V, 
IOL). 
3.2 mAl. 
Note that pins 13 and 16 are not connected 
in- 
ternally 
on these devices; 
consequently 
connections 
to these 
terminals 
will not affect circuit operation. 


• 
High Source and Sink Currents 
• 
High-to-Low 
Level Converter 
• 
Quiescent Current = 2.0 nA/package 
typical 
@ 5 Vdc 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Meets JEDEC UB Specifications- 
MC 14049UB 
Meets JEDEC B Specification-MC14050B 


• 
VIN can exceed VDD 


Rating 
Symbol 
V.lue 
Unit 


DC Supply 
Voltage 
. VOO 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Von 
-0.5 
to +30 
Vdc 


DC Curre~t 
Drain 
per Input 
Pin 
I 
10 
mAde 


DC Current 
Drain 
per Output 
Pin 
I 
45 
mAde 


Operating 
Temperature 
Range· 
AL Device 
TA 
-5510+125 
·C 


ClIep 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tug 
65 to +150 
·c 


MC14049UB 
MC14050B 


Inverting - MC14049UB 
Noninverting - MC14050B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


MCI4049UB 
MC140S0B 


3~2 
3-{>-2 
5-{:>--4 
5-{>-4 


7~6 
7-{>-6 


9~10 
9-{>-10 


11~12 
11-{>-12 


14~15 
14-{>-15 


NC = Pin 13. 
16 
NC ~ Pin 13. 
16 
VSS 
~ 
Pin 8 
VSS = Pin 8 
Vaa 
~ Pin 1 
Vaa 
= Pin 1 


Voo 
Tlow " 
25°C 
Thigh" 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin" 
VOO orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage I/MCl4049UB 
"0" 
Level 
VIL 
Vdc 
(VO - 4.5 Vdc) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 
(VO ·9.0 
Vdc) 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 
(VO = 13.5 Vdc) 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


"1" Level 
VIH 
Vdc 
(VO - 0.5 Vdc) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
(VO - 1.0 Vdcl 
10 
8.0 
- 
B.O 
5.50 
- 
8.0 
- 
(VO • 1.5 Vdcl 
15 
12.5 
~ 
12.5 
8.25 
- 
12.5 
- 


Input Voltage I/MCI4050B 
"0" 
Level 
VIL 
Vdc 
(VO • 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO· 
1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"," 
Level 
VIH 
Vdc 
(VO • 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO - 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO· 
13.5 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 


Output 
Drive Current 
(A L Device) 
IOH 
mAde 


(VOH - 2.5 Vdcl 
Source 
5.0 
-1.6 
- 
-1.25 
-2.5 
- 
-0.9 
- 
(VOH - 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.6 
- 
-0.9 
- 


(VOH - 13.5 Vdc) 
15 
-4.7 
- 
-3.75 
-10 
- 
-2.7 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
3.75 
- 
3.2 
6.0 
- 
2.1 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
10 
- 
8.0 
16 
- 
5.6 
- 


(VOL - 1.5 Vdc) 
15 
30 
- 
24 
40 
- 
16.8 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH - 2.5 Vdc) 
Source 
5.0 
-1.5 
- 
-1.25 
-2.5 
- 
-1.0 
- 


(VOH - 9.5 Vdc) 
10 
-1.5 
- 
-1.3 
-2.6 
- 
-1.0 
- 


(VOH - 13.5 Vdc) 
15 
-4.5 
- 
-3.75 
-10 
- 
-3.0 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
3.6 
- 
3.2 
6.0 
- 
2.6 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
9.6 
- 
8.0 
16 
- 
6.6 
- 
(VOL - 1.5 Vdc) 
15 
28 
- 
24 
40 
- 
19 
- 


Input Current'(Al 
Device) 
lin 
15 
- 
%0.1 
- 
%0.סס OO1 %0.1 
- 
± 1.0 
~Adc 


Input Current 
(CL/CP 
Device) 
lin 
15 
- 
%0.3 
- 
%0.00001 
%0.3 
- 
%1.0 
~Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
10 
20 
- 
- 
pF 


(Vin -0) 


Quiescent Current 
IAL Devicel 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
J,lAdc 
(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent Current 
ICLlCP Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
IlAdc 
(Per Peckage) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply Current··t 
IT 
5.0 
IT - (1 B ~A/kHz)f 
+ 100 
#lAde 


(Dynamic 
plus 
Quiescent, 
Per 
Package) 
10 
IT = (3.5 ~A/kHz)t 
+ 100 
(CL 50 pF on all outputs, all buffers switching) 
15 
IT = (5.3 ~A/kHz)t 
+ 100 


*T1ow = -55 


QC 
for AL Device. -40°C 
for CLlCP Device. 


Thi h = 
+ 125°C 
for AL Device. 
+85°C 
for CL/CP Device. 


tTo 
~alculate 
total supply current at loads other than 50 pF: 


IT(CL' 
- IT'5O pF) + 6 X 10-3 (CL - 50) VOOf 


where: IT is in Jl,A (per package). CL in pF. VOO in Vdc. and f in 
kHz is input frequency. 


- -The 
formulas given are for 
the typical 
characteristics only 
et 25°C. 


#Noise immunity specified for worst-case input combination 
B SuffiJr:Noise Margin for both "1" and "0" level - 


1.0 Vdc min @ VOO - 5.0 Vdc 
2.0 Vde min @l VOO - 10 Vdc 
2.5 Vdc min@VOO 
-15 
Vde 
US Suffix Noise Margin for both "1" and "0" level ~ 


0.5 Vdc min@ VOO : 5.0 Vdc 
1.0 Vdc min @ VOO = 10 Vdc 
1.0 Vdc min@VOO 
= 15 Vdc 


Output 
Rise Time 
ITLH 
ns 
ITLH 
= (0.8 nslpFI CL + 60 ns 
5.0 
- 
100 
160 
ITLH 
• (0.3 ns/pFI CL + 35 n. 
10 
- 
50 
100 
ITLH 
= (0.27 i.•• 
/pFI CL + 26.5 n. 
15 
- 
40 
60 


Output 
Fall Time 
ITHL 
ns 
ITHL = 10.3 nslpFI CL + 25 n. 
5.0 
- 
40 
60 
ITHL 
- 10.12 n./pFI 
CL + 14 ns 
10 
- 
20 
40 
ITHL' 
(0.1 nslpFI CL + 10 n. 
15 
- 
15 
30 


Propagation DelBY Time 
IPLH 
n. 
IpLH 
• (0.38 ns/pFI CL + 61 ns 
5.0 
- 
80 
120 
IpLH = (0.20 ns/pFI CL + 30 ns 
10 
- 
40 
65 
IpLH 
• (0.11 ns/pFI CL + 24.5 ns 
15 
- 
30 
50 


Propagation Delay Time 
IPHL 
n. 
IpHL' 
(0.38 ns/pFI CL + 11 ns 
5.0 
- 
30 
60 
IpHL = (0.12 ns/pFI CL + 9 ns 
10 
- 
15 
30 
IPHL : (0.11 ns/pFI CL + 4.5 n. 
15 
- 
10 
20 


Output 
Rise Time 
ITLH 
ns 
ITLH = fO.7 ns/pFI CL + 65 ns 
5.0 
- 
100 
160 
ITLH = (0.25 ns/pFI CL + 37.5 ns 
10 
- 
50 
80 
ITLH 
• (0.2 nslpFI CL + 30 ns 
15 
- 
40 
60 


Output 
Fall Time 
ITHL 
n. 
ITHL 
= 10.2 nslpFI CL + 30 ns 
5.0 
- 
40 
60 
ITHL 
• 10.06 ns/pFI CL +17 n. 
10 
- 
20 
40 
ITHL' 
(0.04 ns/pFI CL + 13 ns 
15 
- 
15 
30 


Propagation DeilY 
Time 
IpLH 
ns 
IPLH • 10.33 nslpFI CL + 63.5 ns 
5.0 
- 
80 
140 
IPLH = 10.19 ns/pFI CL + 30.5 ns 
10 
- 
'lw 
80 
IPLH • (0.06 ns/pFI CL + 27 ns 
15 
- 
30 
60 


Propagation DeilY Time 
IPHL 
ns 
IPHL = 10.2 nslpFI CL + 30 ns 
5.0 
- 
40 
80 
IPHL = 10.1 n./pF) 
CL + 15 ns 
10 
- 
20 
40 
IPHL = (0.05 ns/pFI CL + 12.5 n. 
15 
- 
15 
30 


MC14049UB 
MC140SOB 


18 
18 


~ 
~ 15 
~ 
~ 
~ 
~ 


'" 
'" 
~ 
~ 
+1250C 


0 
0 
> 
> 
10 
•.. 
•.. 


~ 
~•.. 
~ 
=> 
0 
~ 
g 
> 


10 
15 
18 
10 
18 


V;n INPUT VOLTAGE 
IVdcl 
V;n INPUT VOLTAGE 
IVdcl 


II 


Vas:: 
VOH 
- 
Vao 
VOS:: 
VOL 


160 
i~ 
;: 
-10 
~~ 
:> 
~ 
-20 


:>o 
~ 
-30 
~ 
:> 
'i-40 
'2 


I 
z 
800 
o 


~ 
700 
~j. 600 
o~ 
~~ 
SOO 


~~ 
400 
'"~ 
300 
x 
.•• 
200 
'"~ 
100 
o 
2S 


i PLASTic 
OR CERAMIC 
I 
PACKAGE 
--L 
_._- I 


This device contains 
circuitry 
to protect 
the in- 


puts 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields; however, 
it is advis- 


ed that 
normal 
precautions 
be taken 
to avoid 
application 
of 
any 
voltage 
higher 
than 
max· 


imum 
rated 
voltages 
to this 
high 
impedance 
circuit. 
For proper operation 
it is recommended 
that 
Vout be constrained 
to the range Vss<: 


V out~ 
VOO and that Vin be constrained 
to the 
range VSS < Vin~ 
30 volts. 
Unused 
inputs 
must 
always 
be tied to an ap- 


propriate 
logic vOltage level (e.g., either VSS or 
VDD). 


® MOTOROI.A 
MC140518 
MC140528 
MC140538 


The MC14051B, MC14052B. and MCI405JB, 
analog multiplexers 
are digitally 
controlled 
analog switches. The MC14051 B effectively 
implements an 8PST electronic switch. the MC14052B a 4POT or 
2P4T, and the MC14053B a OP3T or 3P2T. All three devices feature 
low ON impedance and very low OF F leakage current. Control of 
analog signalsup to the complete supply voltage rangecan be achieved. 


• 
High On/Off Output Voltage Ratio - 65 dB typiGal 
• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
Low Crosstalk Between Switches - 80 dB typical 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Analog Voltage 
Range (VOO-VEE) = 3 to 18 V 
Note: VEE must be ~ 
VSS 
• 
Transmits Frequencies Up to 65 MHz 
• 
Linearized Transfer Characteristics, I\RON <60 n for 
Vin = VOO to VEE @ 15 Vdc 
• 
Low Noise - 
12 nV/~, 
f;;' 1 kHz typical 
• 
Pin·for·PIn Replacement for C04051, C04052. and C04053 


ANALOG 
MULTIPLEXERS! 
DEMUL T1PLEXERS 


CASE 
620 
L SUFFIX 


CE"AAMIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


f----. 
Rlting 
Svmbol 
Value 
Unit 


DC Supply 
Voltage 
VOOYEE 
-05to 
+18 
Vdc 


Input 
Voltage, 
All 
InpulS 
Von 
-05 
to VOD .•.0.5 
Vdc 


Through 
Current 
I 
25 
mAde 


Operating 
Temperature 
Range 
- AL DeVIce 
TA 
-55 to .'25 
°c 
CLlCP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
T 5tg 
-65 to +'50 
°c 


MC14051B 


S-Channel Analog 
Mu It ip lexer /Demu /tip lexer 


MC14052B 


Dual 4-Channel Analog 
Mu Itiplexer/Demu/tiplexer 
r 


Inhibit 


11 er- 
A 


Control" 


10 
B 
9 
C 


'3 
XO 


'4 
Xl 
X 
--03 
'5 
X2 
COrnlnon 
Switches 


Switches 
'2 
X3 
Outlln 
In/Out 


In/Out 
1 
X4 


5 
X5 


2 
X6 


4 
X7 


.0''''''1tSUffilC 
Denotes 
L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperatur. 
Range 
C 
Limited 
Operating 
Temperature 
Range 


MCl4053B 


Triple 2·Channel Analog 
Multiplexer 
/Demu /tiplexer 


{ 


6 


) 


Cont,ols" 
13 
10 


9 


12 
Commons 


Out/l;w,tch •• {,~ 


In/Out 
1 
3 
5 


3 


Voo 
- Pin 
16 
VOO - 
Pin 
16 
VSS • Pin 8 
VSS - Pm 8 
VEE-Pin7 
Vee-Pin7 


Note: Control Inputs referenced to VSS. Analog Inputs and Outputs reference to VEE. VEE must be <;VSS. 


Voo'" 
Pin 
16 
Vss 
- Pin 8 
Vee""Pin7 


EJ 


VOO- 
T10w.. 
25°C 
Thigh· 
VEE 
Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.005 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VOD or VSS 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
VSS ~ VEE 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
-- 
4.95 
- 
Vdc 


Vin 
= 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
(Control) *' "0" 
Level 
V1L 
Vdc 
(VO ~ 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO ; 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO ; 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V1H 
Vdc 
(VO ; 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO ~ 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO ~ 1.5 or 13.5 Vdcl 
15 
11.25 
- 
11.0 
8.25 
- 
11.0 
- 


Input Current (AL Device) 
± 


(Control Inhibit) 
iin 
15 
- 
±0.1 
- 
0.00001 
±0.1 
- 
± 1.0 
~Adc 


Input Current (ClICP Devicel 
± 
(Control. Inhibit) 
tin 
15 
- 
±0.3 
- 
0.00001 
±0.3 
- 
± 1.0 
~Adc 


Input Capacitance 
Gin 
pF 


(Vin ~ 01 
Control, Inhibit 
- 
- 
- 
- 
5.0 
7.5 
- 
- 


Switch Inputs {Inhibit = 
11 
- 
- 
- 
- 
10 
21.0 
- 
- 


Output Capacitance 
MC140518 
Cout 
10 
- 
- 
- 
96 
- 
- 
- 
pi 
MC140528 
10 
- 
- 
- 
48 
- 
- 
- 


MC140538 
10 
- 
- 
- 
24 
- 
- 
- 


Feedthrough Capacitance 
MC140518 
Cin~out 
10 
- 
- 
- 
0.18 
- 
- 
- 
pi 
MC140528 
10 
- 
- 
- 
0.12 
- 
- 
- 


MC140538 
10 
- 
- 
- 
0.10 
- 
- 
- 


Ouiescent Current (AL Devicel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~Adc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CUC? Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
•.•.Adc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current--t 
IT 
5.0 
IT ~ 10.07 ~A/kHzl I + 10 
~AOC 
(Dynamic plus Quiescent. 
10 
IT ; 
10.20 ~A/kHzl f + 10 
Per Package) 
15 
IT ~ 10.36 ~A/kHzl f + 10 


ON Resistance 
IAL Device) 
RON 
5.0 
- 
800 
- 
250 
1050 
- 
1300 
n 


10 
- 
400 
- 
120 
500 
- 
550 
15 
- 
220 
- 
80 
280 
- 
320 


ON Resistance (CLle? Devicel 
RON 
5.0 
- 
880 
- 
250 
1050 
- 
1200 
n 
10 
- 
450 
- 
120 
500 
- 
520 
15 
- 
250 
- 
80 
280 
- 
300 


6 ON Resistance Between Any 
11RON 
5.0 
- 
- 
- 
25 
- 
- 
- 
n 
Two Channels 
10 
- 
- 
- 
10 
- 
- 
- 


15 
- 
- 
- 
5.0 
- 
- 
- 


OFF Channel leakage 
Current 
- 
nAdc 
Any Channel 
15 
- 
± 100 
- 
±0.01 
±100 
- 
± 1000 
(Al 
Device All Channels OFF: 
MC140518 
15 
- 
±100 
- 
±0.08 
±100 
- 
± 1000 
MC140528 
15 
- 
±100 
- 
±0.04 
±100 
- 
± 1000 
MC140538 
15 
- 
±100 
- 
±0.02 
±100 
- 
± 1000 


OFF Channel leakage 
Current 
- 
nAdc 
Any Channel 
15 
- 
±300 
- 
±0.01 
±300 
- 
± 1000 
lClICP 
Devicel 
All Channels OFF: 
MC140518 
15 
- 
±300 
- 
±0.08 
±300 
- 
± 1000 
MC140528 
15 
- 
±300 
- 
±0.04 
±300 
- 
± 1000 
MC140538 
15 
- 
±300 
- 
±0.02 
±300 
- 
±1000 


·T low 
= -55°C 
for Al 
Device. -40°C 
for ClICP Device. 
Thigh 
= + 125°C 
for AI Device. 
+ 85°C 
for ClICP Device. 
#- Noise immunity is defined as the control input voltage coinci- 


dent with the specified change. 6 Vout. at an output in the 
OFF State. 


The formulas given are for the typical characteristics 
only at 
25°C. 
Total Supply Current. IT. is the current drawn at device ter- 
minals VDD and VSS for total current through 
the device. 


The channel component. 
(Vin - Voutl/RON' 
should not be in- 


cluded. 


Symbol 
VOO-VEE 
Typ 
Mox 
Unit 
Characteristic 
Vdc 
AIITy_ 


Propagation 
Delay 
Times 
tPLH. tPHL 
ns 


I 


Switch 
Input to Switch 
Output 
(RL = 10 kni 
MC14051 
tpLH. 
tPHL 
E (0.17 ns/pFI CL + 26.5 ns 
5.0 
35 
90 


tPLH. tPHL - (0.08 ns/pFI CL + 11 ns 
10 
15 
40 


tpLH. 
tpHL 
• (0.06 nl/pF) 
CL + 9.0 nl 
15 
12 
30 


MC14052 
! 
IpLH. 
tPHL = (0.17 nl/pFI 
CL + 21.5 ns 
5.0 
30 
75 
ns 


I 


tpLH. 
tpHL 
• (0.08 nl/pFI 
CL + 8.0 nl 
10 
12 
30 


IPLH. tpHL 
- (0.06 nl/pFI 
CL + 7.0 nl 
15 
10 
25 


MC14053 
i 


tPLH. tpHL 
• (0.17 ns/pF) CL + 16.5 ns 
5.0 
25 
65 
ns 
I 


tPLH. tPHL = (0.08 ns/pF) CL + 4.0 ns 
10 
8.0 
20 


tpLH. 
tpHL 
• (0.06 nl/pF) 
CL + 3.0 ns 
15 
6.0 
15 


Inhibit 
to Output 
(RL • 10 kn): 


tPHZ. 
tPLZ. 
Output 
"1" or "0" to High Impedance, 
or 
nl 
High Impedance 
to "1" or "0" 
Level 
tPZH. 
tpZL 
MC14051B 
5.0 
350 
700 
10 
170 
340 
15 
140 
280 


MC14052B 
5.0 
300 
600 
ns 
10 
155 
310 
15 
125 
250 


MC14053B 
5.0 
275 
550 
ns 
10 
140 
280 
15 
110 
220 


Control 
Input to Output 
tRL - 10 kn) 
tPLH. tpHL 
ns 
MC14051B 
5.0 
380 
720 


10 
180 
320 
15 
120 
240 


MC14052B 
5.0 
325 
650 
ns 
10 
130 
280 
15 
90 
180 


MC14053B 
5.0 
300 
600 
ns 
10 
120 
240 
15 
80 
180 


Sine Wave Distortion 
- 
10 
0.04 
- 
% 
(R L • 1 kn. 
, - 1 kHz) 


Bandwidth 
BW 
MHz 


IRL - 
1 kO, Vin = 
1/2 IVOO-VEE) 
pop, 


20 Log VOU! = 
-3 
dB) 
MC14051B 
10 
20 
- 
Vin 
MC14052B 
10 
30 
- 
MC14053B 
10 
55 
- 


Feedthrough Attenuation, 
Input to Output 
- 
MHz 


IRL = 
1 kO, Vin 
- 
1/2 1VOO-VEE) pop, 


20 Log VOU! = 
-50 
dB) 
MC14051B 
10 
4.5 
- 


Vin 
MC14052B 
10 
30 
- 
MC14053B 
10 
55 
- 


Channel 
Separation 
- 
10 
3.0 
- 
MHz 


IRL - 
1 kO, Vin 
- 
1/2 IVOO-VEE) 
pop, 


20 Log VoutlB) 
= - 50 dB) 
VinlAI 


Feedthrough 
Control, 
Input 
to Output 
- 
10 
30 
- 
mV 
(Rl· 
1 kn. 
RL ·10 
kn Control/Inhibit 
tTLH 
• tTH L • 20 nl) 


Maximum 
Control 
Frequency 
- 
10 
2 
- 
MHz 
(RL·l 
kn. 
Vout - 1/2 Vin) 


This device 
contains 
circui.try 
to protect 
the inputs 
lIJIinst 
damage 
due to high Itltic 
voltages 
or electric 
fields; 
however. 
it is ad- 
vised that 
normal 
precautions 
be t8ken 
to avoid application 
of any voltage 
higher than 
maximum 
rated voltages to this high im· 
pedance circuit. 
For proper operation 
it is rec;ommended that Vin and Vout 
be constrained 
to the range Vee" 
(Vin or Vout) 
';;VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage l.vII (e.g., either Vss or VoOL 


V;J 


Level t 
Converted 


Control l. 


- VSS 


Control 
Inputs 


Select 
ON Switches 


Inhibit 
C' 
B 
A 
MC14051B 
MC14052B 
MC1405JB 


0 
0 
0 
0 
xo 
VO 
xo 
zo 
VO 
xo 
0 
0 
0 
1 
Xl 
Vl 
Xl 
ZO 
VO 
Xl 
0 
0 
1 
0 
X2 
V2 
X2 
ZO 
VI 
XO 
0 
0 
1 
1 
X3 
V3 
X3 
ZO 
VI 
Xl 
0 
1 
0 
0 
X4 
Zl 
VO 
XO 
0 
1 
0 
1 
X5 
Zl 
VO 
Xl 
0 
1 
1 
0 
X6 
Zl 
Vl 
XO 
0 
1 
1 
1 
X7 
Zl 
VI 
Xl 


1 
x 
x 
x 
None 
None 
None 


XO 
12 


Xl 
,. 


X2 
15 


X3 
11 


VO 
j~ 


VI 


V2 


V3 


I 
13 
X 
I 
I 


:========~==~:ijt-" 


'nlOut rout/,n 


ContrOl 


Inh 
6 


A 
11 


B 
10 


C 
9 


X215 


X312 


X4 
1 


X5 
5 


X6 
2 


Inh 
6 
All 


B 10 
C 
9 


XO 
12 


X113 


:~ 
~ 
D: 
_ 


:: 
: n: 
_ 


7VV1 
T 


B 


Keithley 
160 
Digit.l 
Multimeter 


-..... 
- 
TA -1250C- 
- 
250C- 
- 
.-... 


-JSOc- 
- 


: 
I 
I 


- 


TA -1 


1 
2S0C 


2SoC 


:d50C- 


I 


c:;:; 
300 
;'!8 250 
~ 
<.>z 
~ 
200 


~ 
1SO 
Z 


~ 
100 
tl 


100 


600 
;;; 
:IE 
'" 
soo 
8~ 
<.>z 
400 
.. 
l;; 
~ 300 
i.: 
f' 
200 
Z 
tl 
100 


,"- 


- 


A 
\. 


, 1 
h 
TA -12S0C 
1'- '- 
\. 
2S0C 
, 
..•.. 


-SSOCI- 
I 
o 
-10 
-8.0 
-'.0 
-4.0 
-2.0 
0 
2.0 
4.0 
6.0 
8.0 
10 


Vin.INPUT VOLTAGE (VOLTS) 


PIN ASSIGNMENT 


MC14051B 
MC14052B 


16 


2 
15 
2 


3 
a 
3 


4 
13 
• 
!i 
12 
5 


6 
11 
6 


10 


8 
9 
8 


3-140 


;;; 
:IEe. 250 
~ 
<.> 
z 
200 
~ 


~ 
150 


ZP 
100 
Z 
~ 
so 


.0.0 
-4.0 
-2.0 
2.0 
4.0 


Vin. INPUT VOLTAGE (VOLTS) 


TA-2SoC 
I 


f'\ 
I \ 
I 


I 
\ V~O - 2.S 
I 
V 
\ 
, 
, 
\ 
- 
- 


5.0V 


1.S V 
I 
I 
I 


;;; 
300 
:IE 
'"8 2S0 
~ 
<.>z.. 
200 
l;; 
~ 150 
Zf'z 
100 
tl 
so 


-8.0 
-'.0 
-4.0 
-2.0 
2.0 
4.0 
6.0 
8.0 
10 


Vin.INPUT 
VOLTAGE (VOLTS) 


MC14053B 


16 
18 


15 
2 
15 
a 
3 
1. 


13 
• 
13 


12 
6 
12 


11 
6 
11 


8 


® MOTOROLA 


The MCl4060B 
is a 14-stage binary ripple counter with an c,,-chip 
oscillator buffer. The oscillator configuration 
allows design of either RC 
or crystal oscillator CIfCUltS.Also Included on the chip is a reset function 
which places all outputs tnto the zero state and disables the oscillator. A 
negative 
tranSItion on Clocktn will advance the counter 
to the next 
state. Schmitt 
trigger action on the input line permits very slow input 
rise and fall times. ApplicatIOns include time delay circuits, counter con- 
trols, and frequency dividing cirCUits. 


• 
Fully Static Operation 
• 
Quiescent Current; 
5.0 nA/Package 
Typical 
@ 5 V 


• 
Noise Immunity; 
45% of VDD Typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range; 
3.0 V to 18 V 


• 
Capable of Driving Two Low-Power 
TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Temperature 
Range 


• 
Low Input Capacitance; 
5.0 pF Typical 


• 
Buffered Outputs Available from Stages 4 Through 
10 and 


12 Through 
14 


• 
Common Reset Line 


• 
17 MHz Typical Counting 
Rate @ VOO; 
15 V 


• 
Pln-for-Pln 
Replacement for C04060B 


Clockin 
RESET 
Output Stata 
-r 
L 
No Change 


~ 
L 
Advance to next state 


X 
H 
All Outputs are low 


14-BIT BINARY 
COUNTER 
AND OSCILLATOR 
II 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGi: 


CASE 
648 


.w"" II ,.:'"eM'::::"" 


P 
PlastiC Package 


A 
EXlended Operating 


TemperatLre 
Range 


C 
Limned Operating 
Temperature 
Range 


012 
VDD 


013 
15 
0'0 


014 
14 
08 


06 
13 
09 


05 
12 
ResPI 


07 
11 
Clock 


04 
10 
Out 1 


VSS 
Out 2 


II 


This 
de ..•• 
ice 
contams 
circuitry 
to 
protect 


the 
Inputs 
against 
damage 
due 
to high static 
voltages 
or 
electric 
fields; 
however. 
it 
IS 
advised that 
normal precautions be taken 


to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
thIS high 
impedance 
cirCUIt. 
For proper 
operation 
It 


IS recommended 
that 
V In 
and 
Vout 
be 


constrained 
to 
the 
range 
V 55 
'" 
I V In 
or 


Vout) 
" 
VOO· 


Unused 
inputs 
must 
always 
be 
tIed 
to 
an 
appropriate 
logiC 
voltage 
level 
(e.g., 
either 
VSS or VOOI. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.510 
+ 18 
V 


Input 
Voltage, 
All Inputs 
V,n 
- 0.5 to VDD 
+ 0.5 
V 


DC Current Dram per Pin 
I 
10 
mA 


Operating 
Temperature 
Range 
- 
AL DeVice 
TA 
- 55 to + 125 
'C 


CLlCP 
Dev,ce 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to 
+ 160 
'C 


Characteristic 
Symbol 
VDD 
Tiow' 
25'C 
Th· 
h· 
Unit 
V 
Min 
Max 
Min 
TVD 
Ma. 
Min 
Ma. 


Output 
Voltage 
"0" 
Level 
5.0 
- 
005 
- 
0 
005 
- 
0.05 


VIn=VDD 
or 0 
VOL 
10 
- 
005 
- 
0 
005 
- 
0.05 
V 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 


V,n~O 
or VDD 
VOH 
10 
995 
- 
995 
10 
- 
9.95 
- 
V 
15 
1495 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage' 
"0" 
Level 
IVO~4.5 
or 0.5 VI 
VIL 
5.0 
- 
1.5 
- 
2.25 
15 
- 
1.5 
V 
IVO=90 
or 1.0 VI 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
IVO~ 
13.5 or 1 5 VI 
15 
- 
40 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
IVO = 0.5 or 4.5 VI 
VIH 


5.0 
3.5 
- 
3.5 
2.75 
- 
35 
- 
V 
IVO~ 
1.0 or 9.0 VI 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
IVO = 1.5 or 13.5 VI 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL DeVice) t 
IVOH~2.5VI 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
1VOH =4.6 
VI 
10H 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
mA 
IVOH ~9.5 
VI 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH = 13.5 VI 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
IVOL = 0.4 VI 
Smk 
5.0 
064 
- 
0.51 
0.88 
- 
0.36 
- 
1VOL =05 
VI 
10L 
10 
1.6 
- 
13 
2.25 
- 
0.9 
- 
mA 
IVOL = 1.5 VI 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICL/CP 
Devlc€l~ 
IVOH= 
2.5VI 
Source 
50 
- 2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
1VOH =4.6 
VI 
10H 
5.0 
-0.52 
- 
-0.44 
-088 
- 
-0.36 
- 
mA 
1VOH =9.5 
VI 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
1VOH = 13.5 VI 
15 
-3.6 
- 
-30 
-8.8 
- 
-2.4 
- 


1VOL=0 
4 VI 
Sink 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
IVOL~ 
0.5 VI 
10L 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 
mA 
IVOL~ 
1.5 VI 
15 
36 
- 
3.0 
8.8 
- 
2.4 
- 
Input 
Current 
IAL 
DeVIce) 
I,n 
15 
- 
±0.1 
- 
±O.OOOOl 
±0.1 
- 
± 1.0 
~A 
Input 
Current 
ICL/CP 
DeVice) 
I,n 
15 
- 
±03 
- 
±O.OOOOl 
±0.3 
- 
±1.0 
A 
Input 
Capacitance 
Cin 
- 
- 
- 
- 
50 
7.5 
- 
pF 
IV,n~OI 
- 


QUiescent 
Current 
(AL DeVice) 
5.0 
- 
50 
- 
0.005 
5.0 
- 
160 
(Per Package) 
IDD 
10 
- 
10 
- 
0.010 
10 
- 
3(X) 
~A 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CL/CP 
DeVice) 
50 
- 
20 
- 
0.005 
20 
- 
160 
(Per Pack agel 
IDD 
10 
- 
40 
- 
0.010 
40 
- 
3(X) 
~A 
15 
- 
80 
- 
0.015 
80 
- 
600 


Tlow= 
-55°C 
for AL Device. 
-40°C 
for CL/CP 
DeVIce. 


Th,gh= 
+ 125'C 
for AL DevIce," 
85'C 
for CLlCP 
Dev,ce. 


NOise immunity 
specIfied 
for worst-case 
Input combination. 


No,se Marg,n 
for both 
"1" 
and "O"level~ 
1.0 V m,n @ VDD~5.0 
V 
2.0 V min @ VDD= 
10 V 
2.5 V m,n 
@ VDD= 
15 V 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Un~ 
Vdc 


50 
- 
40 
200 
Output 
Rise Time 
(Counter 
Outputs) 
tTlH 
10 
- 
25 
100 
ns 


15 
- 
20 
80 


50 
- 
50 
200 
Output 
Fall Time (Counter 
Outputsl 
tTHl 
10 
- 
30 
100 
ns 


15 
- 
20 
80 


Propagation 
Delay Time 
5.0 
- 
415 
740 


Clockin 
10 04 
tPlH 
10 
- 
175 
300 
ns 


tPHl 
15 
- 
125 
200 


Clock," 
to 014 
5.0 
- 
15 
27 


10 
- 
07 
1.3 
"5 


15 
- 
0.4 
10 


5.0 
100 
65 
- 


Clock 
Pulse Width 
twH 
10 
40 
30 
- 
ns 


15 
30 
20 
-- 


50 
- 
5 
3.5 


Clock Pulse Frequency 
f~ 
10 
- 
14 
8 
MHz 


15 
- 
17 
12 


tTLH 
5.0 


Clock 
Rise and Fall Time 
10 
No limit 
- 


tTHl 
15 


5_0 
120 
40 
- 


Reset Pulse Width 
tw 
10 
60 
15 
- 
ns 


15 
40 
10 
- 


Propagation 
Delay Time 
5.0 
- 
170 
360 


Reset to an 
tpHl 
10 
- 
80 
160 
ns 


15 
- 
60 
100 


E 


rrT 
1"1"1" 


It 1kHz :s: f ::s 100 kHz 
and RS· 
2 Rte 
(f In Hz. R In ohms, C In farads) 


8.0 


40 
~ 
z 
0~ 
;;;~ -4.0 


z 
=> 
-80 
0~ 


-12 


-16 
-55 


uz 
=>o~~ 
o~ 
'" 


~ 
0.5 


0.2 


0.1 
1.0 k 
10 k 
100 k 
RTC. RESISTANCE 
(OHMSI 


0.001 
0.01 
C. CAPACITANCE 
",fl 


Characteristic 
500 kHz 
32 kHz 
Unit 
Circuit 
Circuit 


Crystal Characteristics 


Resonant Frequency 
500 
50 
kHz 


EQUivalent ReSIstance, RS 
1.0 
6.2 
kO 


External ReSistor/Capacitor 
Values 


RO 
47 
750 
kO 


CT 
82 
82 
pF 


Cs 
20 
20 
pF 


Frequency Stability 


Frequency Changes as a Function 
of VOO IT A = 25°CI 
VOO Change 
from 5.0 V to 10 V 
+60 
+20 
ppm 
VOO Change 
from 
10 V to 15 V 
+ 2.0 
+20 
ppm 
Frequency Change as a Function 
of Temperature 
(VOO = 10 VI 
T A Change from 
- 55QC 
to + 25QC 
Complete Oscillator- 
T 100 
+ 120 
ppm 


TA Change from 
+ 25QC 
to + 125QC 
Complete Oscillator- 
-160 
-560 
ppm 


@MOTOROLA 


QUAD ANALOG 
SWITCH/QUAD 
MULTIPLEXER 


The MCI4066B 
consists of four independent switches capable of 
controlling 
either digital or analog signals. This quad bilateral switch 
is useful 
in 
signal gating. chopper, 
modulator, 
demodulator 
and 
CMOS logic implementation. 


The MC14066B 
is designed to be pin·for·pin 
compatible with the 
MC14016B. 
but has much lower ON resistance. Input voltage swings 
as large as the full 
supply voltage can be controlled 
via each inde· 
pendent contr,ol input. 


• 
High On/Off 
Output 
Voltage Ratio - 65 dB typical 
• 
Quiescent Current = 0.5 nA/package typical 
@ 5 Vdc 
• 
Low Crosstalk Between Switches -50 
dB typical 
@ 8 MHz 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Transmits Frequencies Up to 65 MHz @ 10 Vdc 
• 
Linearized Transfer Characteristics. 6RON <60 n for 
Vin = VDD to VSS (at 15Vl 
• 
Low Noise - 
12 nV/V Cycle. f ;;. 1 kHz typical 
• 
Pin-for-Pin Replacement for 
CD4016, CD4066. MC14016 


Ratint 
Symbol 
V.lue 
Unit 


DC SupplV Voltage 
VDD 
-0.5 to +18 
Vde 


Input Voltage, 
All Inputs 
Vin 
~.5 
to VDD + 0.5 
Vdc 


Through Current 
I 
25 
mAde 


Operating Temperature 
Range - 
AL Deyice 
TA 
-55 to +125 
°c 
Cl/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tug 
-65 to +150 
°c 


QUAD ANALOG 
SWITCH 
QUAD MULTIPLEXER 


..- ..• 


L SUFFIX 
P SUFFIX I 
CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 
CASE 
632 
CASE 
646 
ORDERING 
INFORMATION 
"""""1l;SUffiX 
Oonoto, 
L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
EKtended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 


Temperatur. 
Range 


'~ 


Control 
1 
2 


1 
Outl 
In 1 
BLOCK 


~ 


5 
DIAGRAM 
Control 2 
3 


4 
Out 
2 


In 2 


cont<013~9 


Out3 
8 
In 3 


'~ 
VOO"" 
Pin 
14 
ContrOl 
4 
10 
VSS = Pin 
7 


11 
Out4 
In 4 


In/Out~ 
Outlln 


contrOI~ 


Logic 
Diagram 
Restrictions 
VSS 
S'Vin 
S'VOD 
VSS 
~Vout 
~VDO 


Vcontrol 
V In to 
Vout 
Aesistance 


VSS 
>109 
Ohms 
typ 


VOO 
3 x 
102 
Ohms 
typ 


Voo 
Tlow . 
25°C 
Thi . 


Ch.rec:teristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
Mo. 
Mi" 
Mo. 
Unit 


Input Voltage 
(Control) 
"0" 
Level 
VIL 
Vdc 


(VO' 
4.5 0' 0.5 Vdc! 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


{yO· 
9.00".0 
Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
{yO· 
13.50,1.5 
Vdc! 
15 
- 
3.75 
- 
6.75 
3.75 
.- 
3.75 


"1" 
Level 
VIH 
Vdc 


(VO : 0.50,4.5 
Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


IVO = 1.00,9.0 
Vdc! 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Vo = 1.50' 
13.5 Vdc) 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Input Current 
IAL Device) Control 
I,n 
15 
- 
±0.1 
- 
±0.00001 
±0.1 
- 
±1.0 
#.lAde 


Input Current 
(CLlCP 
Device) Control 
I,n 
15 
- 
±O.3 
- 
±O.OOOOI 
±0.3 
- 
± 1.0 
~Adc 


Input Capacitance 
Gin 
pF 


{Vin = OJ 


Control 
Input 
- 
- 
- 
50 
7.5 
- 
- 


SWitch 
Inputs 
10 
- 
- 
- 
8.0 
15 
- 
- 


Output 
Capacitance 
Cout 
10 
- 
- 
- 
13.0 
- 
- 
- 
pF 


f-eedthrough Capacitance 
Cln-out 
10 
- 
- 
0.5 
- 
- 
- 
pF 


Quiescent Current 
(AL Device) 
10 
5.0 
-- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
IJAde 
(Per Pac.kagel 
10 
- 
0.50 
- 
0.0010 
0.50 
.. 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent Currepi 
(CLlCP 
Device) 
10 
5.0 
1.0 
0.0005 
1.0 
- 
7.5 
#JAde 


(Per Package) 
10 
- 
20 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
0.0015 
4.0 
- 
30 


ON Resistance IAL Device) 
RON 
5.0 
800 
250 
1050 
1200 
II 
10 
- 
400 
- 
120 
500 
- 
520 
15 
- 
220 
- 
80 
280 
- 
300 


ON Resistance 
ICLlCP Device) 
RON 
50 
- 
880 
- 
250 
1050 
- 
1300 
II 
10 
- 
450 
- 
120 
500 
- 
550 
15 
- 
i50 
- 
80 
280 
- 
320 
liON Aeslst.tnce 
Between Any Two of 
6RON 
5.0 
- 
- 
- 
25 
- 
- 
- 
II 
Four SWitches 
10 
- 
.- 
- 
10 
- 
- 
- 


15 
- 
- 
- 
5.0 
- 
- 
- 


Input/Output 
Leakage Current 
15 
±100 
±0.01 
± 100 
- 
±100D 
nAdc 


Switch OFF 
(AL Device) 


Input/Output 
Leakage Curren 
I 
- 
15 
- 
±300 
- 
±0.01 
±300 
- 
±100D 
nAdc 


Swllch 
OFF 
ICLlCP 
Device) 


·T1ow = 55°C 
for AL Device. -40°C 
for CUCP Device. 


Thigh = + 125°C 
lor AL Device. 
+ 85°C 
1m CLlCP Device. 


This device contains circuitry 
to protect 
the inputs againstdamage due to high Itatic 
VOltagel or electric fields; however. it 
is 
advised that normal precautionl t. tlken 
to avoid application of any voltage hicher 
than maximum rat.d voltages to this high 
impedance circuit. For proper operation it 
is r.commended 
that 
Vin 
and 
Vout t. 
constrained to 
the range VSS 
Il1O; 
(Vin 
or 
Vou.l" 
VOO' 


Unused inputl 
must always be tied to 80 
appropriate logic voltage level (e.g., eith.r 
Vss 0' Veel. 


a..racteriatic 
Symbol 
VDD 
Mln 
Typ 
M.x 
Unh 
VcIc 


Prgpaglltion Delay Times 
VSS- 0 VcIc 


Input to Output IRL - 10 kfl) 
tPLH, tPHL 
nl 
tpLH, tpHL· 
10.17nl/pF) CL + 15.5 nl 
5.0 
- 
20 
40 
tPLH, tpHL - 10.08nl/pF) CL + 6.0 nl 
10 
- 
10 
20 
tPLH, tpHL - 10.06nl/pF) CL + 4.0 nl 
15 
- 
7.0 
16 
Control to Output IRL - 1 kfl) 
Output "I" to High Impedance 
tPHZ 
6.0 
- 
40 
80 
nl 
10 
- 
36 
70 
16 
- 
30 
80 
Output "0" to High Impedance 
tPLZ 
6.0 
- 
40 
80 
nl 
10 
- 
36 
70 
16 
- 
30 
80 
High Impedance to Output "I" 
tpZH 
6.0 
- 
60 
120 
nl 
10 
- 
20 
40 
16 
- 
16 
30 
High Impedance to Output "0" 
tpZL 
6.0 
- 
60 
120 
nl 
10 
- 
20 
40 
16 
- 
16 
30 


Sine Wave Di.tortion 
Vss· 
-6 VcIc 
- 
6.0 
- 
0.1 
- 
" 
(Vin - 1.77 Vdc, RMSCentered (jiI 0.0 Vdc, 
RL - 10 kfl, f - 1.0 kHz) 
Frequency R_on 
•• ISwitch ON) 
Vss - -5 VcIc 
- 
6.0 
- 
66 
- 
MHz 


(RL - 1 kfl,2O LOS10 Vout • -3 dB) 
Vin 
F_through 
Attenuetion ISwitch OFF) 
Vss - -5 Vdc 
- 
6.0 
- 
1.0 
- 
MHz 


(RL-l 
kfl,20LOS10 
Vout --SOdB) 
Vin 


CrOlitalk 
Between Any Two Switch. 
Vss - -6 VcIc 
- 
6.0 
- 
B.O 
- 
MHz 


IRL - 1 kfl,20 LOS10 Vout(B) _ -60 dB, 
VinCA) 
(Switch A ON, Switch B OFF) 
CrOlitalk, Control Input to SignelOutput 
Vss - -6 Vdc 
- 
6.0 
- 
300 
- 
pop mV 


Maximum 
Control 
Input Frequency 
Vss - 0 Vdc 
- 
6.0 
- 
8.0 
- 
MHz 


120LOS10 Vout - -6 dB) 
10 
- 
8.0 
- 
Vin 
16 
- 
8.6 
- 


-i.-/1 /f /1 
1/2 (VOO -Vssl 
/ 
V V \ 
T 


Keithley 
160 
Digit.' 
Multimeter 


310 


~ 
300 


%~ 210 
~ 
u 
Z 
~ 
200 
~ lID 
Z 
P 
100 
Z:l 
50 
-+-- 


0.2 
•. 0 


700 


600 
u; 
" 
% 
500 
~ 
wuz 
400 
"":;; 
~ 300 


Z 
P 
200 
Z:l 100 


---- 
_. 


- 
, 


A , 
/ I. 
""'\ 
"TA' 
121DC 
/, , 
\.. 


21DC 
...... 


-SIDC 


I 


o 
~ 
~ 
~ 
~ 
~ 
0 
U 
U 
~ 
~ 
W 


Vin, INPUT VOLTAGE IVOLTS) 


1--- 


- 
--- -- -- 


--' -- 
-- 
-- -- 
--- - 
- 
f-- ---+=+= 
..•..••.. 
- 
Tt 
= 125~C- 
i--- 
-- 
2ID~C+= 
--- - 
- 
_~IDC 


! 
I 
I 


u; 
" 
~ 
250 
wu 
~ 
200 
t; 


~ 
lSQ 


ZP 
100 
Z 


~ 
50 


-1;.0 
..•. 0 
-2.0 
0 
2.0 
•. 0 


Vi•• INPUT VOLTAGE (VOLTS) 


t-TA: 
21DC 
I 
I 


" 
I 
t-- 
.1 
_I. 


\ VOO' 
2.1 V 
\ 
, 
\ 


,..,-- 
- 


~OV 


7.SV 


~ 
300 


% 


~ 
250 
z 


~ 
200 
~ 150 
Z 
P 


~ 
100 


50 


o 
-10 
-.!I.O 
-.!I.O 
..•.0 
-2.0 
2.0 
•• 0 
6.0 
8.0 
10 


Vin, INPUT VOLTAGE (VOLTS) 
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C 
Advance Information 


EI 


The MC14067 and MC14097 multiplexers/demultiplexers 
are digitally 
controlled 
transmission gates featuring low ON resistance and very low 
leakage current. 
These devices can be used In either digital or analog 
applications. 
The 
MC14067 
IS a 16-channel 
mu!tiplexer/demultlplexer 
With an 
Inhibit and four binary control 
Inputs A. B. C and D. These control 


Inputs select 1-of-16 channels by turning ON the approprrate transmiS- 
Sion gate (see MC14067 truth table!. 


The MC14097 IS a differential 
8-channel 
multiplexer/demultiplexer 
With an Inhibit and three binary control Inputs A. Band C. These control 
Inputs select 1 of 8 pairs of channels by turning 
ON the approprrate 
transmission 
gates (see MCl4097 
truth table). 


• 
Low ON Resistance: 80 lJ @ VDD - 
VSS = 15 V 


• 
Low OFF Leakage Current 


• 
Matched 
Channel Resistance 


• 
Low Quiescent Power Consumption 


• 
Low Crosstalk Between Channels 


• 
Wide Operating Voltage Range: 3 to 18 V 


• 
Transmits 
Frequencies Up to 65 MHz @1O V 


• 
Low NOise 


• 
Pin for Pin Replacement for CD4067B and CD4097B 


MC14067B 


X OUT tiN 
Voo 


X7 
X8 


X6 
x. 


X5 
Xlo 


X4 
Xli 


X3 
X12 


X2 
X13 


XI 
X14 


xo 
X15 


A 
INHIBIT 


MC14067B 
MC14097B 


CMOS 


(LOW-POWER 
COMPLEMENTARY 
MaS) 


ANALOG 
MUL TIPLEXERS/ 


DEMULTIPLEXERS 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 
g 


SU:pffIX~;;;';~:kCak;;e 


Extended Operating 
Temperature 
Range 
Limited Operating 
Temperature 
Range 


MC14097B 


X OUT fiN 
Voo 


X7 
va 


X6 
v, 


X5 
V2 


X4 
V3 


X3 
V4 


X2 
V5 


x, 
YOUT/IN 


xo 
·V6 


A 
V7 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD~VSS 
-05 
to + 18 
V 


Input Voltage, 
All Inputs 
VIO 
-05 
to VDD 
+ 05 
V 


Through Current 
I 
25 
mA 


Operatlng 
Temperature 
Range - 
AL DevIce 
TA 
-5510+125 
°C 
CLICP 
DevIce 
-40 
to +85 


Storage Temperature 
Range 
Tsta 
-65 
to + 150 
°C 


Control Inputs 
Selected 


A 
B 
C 
D 
Inh 
Channel 


X 
X 
X 
X 
1 
None 


0 
0 
0 
0 
0 
XO 


1 
0 
0 
0 
0 
Xl 


0 
1 
0 
0 
0 
X2 


1 
1 
0 
0 
0 
X3 


0 
0 
1 
0 
0 
X4 
1 
0 
1 
0 
0 
X5 


0 
1 
1 
0 
0 
X6 


1 
1 
1 
0 
0 
X7 


0 
0 
0 
1 
0 
X8 
1 
0 
0 
I 
0 
Xg 


0 
1 
0 
1 
0 
XO 


1 
I 
0 
1 
0 
Xl 


0 
0 
1 
1 
0 
X2 


1 
0 
1 
I 
0 
X3 


0 
1 
1 
1 
0 
X4 


1 
1 
1 
1 
0 
X5 


it- 
A- 
B- 
I-OF-16 
Decoder 
C- 
D- 
111 


~ 


~" 
>- 


~.. 


{ 


Inhlb 
Control 
Inputs 


Control Inputs 
Selected 
A 
B 
C 
Inh 
Channels 


X 
X 
X 
1 
None 


0 
0 
0 
0 
XO 
YO 


1 
0 
0 
0 
Xl 
YI 


0 
1 
0 
0 
X2 
Y2 


1 
1 
0 
0 
X3 
Y3 


0 
0 
1 
0 
X4 
Y4 


1 
0 
1 
0 
X5 
Y5 
0 
1 
1 
0 
X6 
Y6 


1 
1 
1 
0 
X7 
Y7 


bIt 
1- 
1-0F-8 Decoder 
B-:- 
{ 


nhl 
Control 
A 


Inputs 
C 


II 


Voo 
Tlow* 
25°C 
Thigh* 


Characteristic 
Symbol 
V 
Min 
Max 
Min 
I 
Typ 
I 
Max 
I 
Min 
I 
Max 
I 
Unit 


Channel Inputs (Vinl and Outputs IVout) 


UblPUl Voltage 
"0" Level 
VOL 
50 
- 
005 
- 
0 
005 
- 
005 
V 
V1n = 0 V 
10 
- 
005 
0 
005 
- 
005 
15 
- 
005 
- 
0 
005 
005 


"1" 
Level 
VOH 
50 
495 
- 
495 
50 
- 
495 
- 
V 


V,n" 
Voo 
10 
995 
- 
995 
10 
- 
995 
15 
1495 
- 
1495 
15 
- 
1495 


I ()ul€SCenl 
Current 
IAL 
DeVice) 
100 
50 
50 
- 
0005 
50 
- 
150 
.A 


I 
(Per Packagel 
10 
- 
10 
- 
0010 
10 
- 
300 


15 
- 
20 
- 
0015 
20 
- 
600 


ru,escen, 
Current 
tClICP 
oe.,cel 
100 
50 
- 
20 
- 
0005 
20 
- 
150 
.A 


(Per Package) 
10 
- 
40 
- 
0010 
40 
- 
300 
15 
- 
80 
- 
0015 
80 
- 
600 


IT otal Supply Current ** t 
IT 
50 
IT = 10 07 .A/kHzl 
I + 
100 
.A 


lDynamiC plus QUIescent, 
10 
IT = 10 20.A/kHzl 
I + 
100 


I 
Per Package) 
15 
IT = 10 36 .A/kHzl 
I + 
100 


raN 
ReSistance 
IAL 
oevlcel 
RON 
50 
- 
880 
250 
1050 
- 
1200 
n 


I 
(FigureS) 
10 
400 
120 
500 
- 
550 


I 
15 
220 
80 
280 
- 
320 


ON ReSistance ICL. CP DeVice) 
RON 
50 
880 
250 
1050 
- 
1200 
n 


(Flgure9) 
10 
450 
120 
500 
- 
520 


15 
- 
250 
- 
80 
280 
- 
300 


ON ReSistance Between 
Any 
I.'. 
RON 
50 
- 
- 
- 
25 
- 
- 
- 
n 


Two Channels 
10 
- 
- 
10 
- 
- 
- 


15 
- 
- 
50 
- 
- 


OFF Channel Leakage Current 
- 
nA 
Any Channel 
25 
- 
100 
- 
±O 01 
100 
- 


IAL 
oev,cel 
All Channels 
OFF 
MCI4067B 
15 
- 
100 
- 
±OOB 
100 
- 
- 


MCI4097B 
15 
- 
100 
- 
±O 04 
100 
- 


OFF Channel Leakage Current 
- 
nA 
Any Channel 
15 
- 
1000 
- 
±O 01 
1000 
- 
- 
(eLl CP DeVice) 
All Channels 
OFF 
MCI4067B 
15 
- 
1000 
- 
±O OB 
1.000 
- 
- 


MCI4097B 
15 
- 
1000 
±O 04 
1000 
- 
- 


Irput 
Capacitance 
C,n 
pF 


(VIn=Ol 
- 
- 
- 
- 
5.0 
- 
- 
- 


Output Capacitance 
MCI4067B 
Cout 
10 
- 
- 
- 
60 
- 
- 
pF 
MCI4097B 
10 
- 
- 
- 
32 
- 
- 
- 


Feedthrough 
CapacItance 
MCI4069B 
(In-Qut 
10 
- 
- 
- 
018 
- 
- 
pF 
MCI4067B 
10 
- 
- 
- 
012 
- 
- 
- 


Control 
Inputs 
(Inhibit, 
A, B, C, 01 


Input Voltagel 
"0" Level 
VIL 
V 


V,n= 
Voo 
50 
- 
15 
- 
225 
15 
- 
1 5 


10 
- 
30 
- 
450 
3.0 
- 
30 


l Figure 
51 
15 
- 
40 
- 
675 
40 
- 
40 


'T'Level 
VIH 
V 


50 
35 
- 
35 
275 
- 
35 
- 


10 
70 
- 
70 
550 
- 
70 


15 
110 
- 
11.0 
B.25 
- 
110 
.. 


Input Current 
I,n 
- 
- 
- 
- 
10 
- 
- 
- 
pA 


Input Capacitance 
C,n 
pF 


IV,n=OI 
- 
- 
- 
- 
5.0 
- 
- 
- 


*Tlow= 
-55°C 
for AL DeVice, 
-40°C 
for ClICP 
DeVIce 


Thlgh= 
+ 125°C for AL DeVice, 
+85°C 
for ClICP 
DeVice 


INolse 
ImmunIty 
IS defined as the controlmput 
voltage COinCIdent WIth the speCIfied change, 
£:-.Vout, 
at an output In the OFF state 


**The 
formulas given are for the typical characteristics only at 25°C 
fTotal 
Supply Curren!. 
IT, 
IS the current drawn at deVice termmals VDD 
and VSS 
lor total current through the deVice 
The channQI component, 
IVln- 
Voutl/RON. 
should not be Included 


Max 


VDD-VSS 
Typ 
AL 
CL/CP 


Characteristic 
Symbol 
Vdc 
All Types 
Device 
Device 
Unit 


Propagation 
Delay Times 
tPLH. 
tpHL 
ns 


Channellnput-to-Channel 
Output 
IAL = 200 kOi 


MC14067B 


IFigure31 
50 
35 
55 
90 
10 
15 
25 
40 
15 
12 
lB 
30 


MCl4097B 


50 
25 
40 
65 
ns 


10 
10 
20 
25 


15 
7 
15 
1B 


Control Input-la-Channel 
Output 


Channel 
Turn-On 
Time 
IAL = 10 kOi 
tpZH. 
tpZL 
ns 


MCl4067B/097B 
50 
240 
260 
600 


IFigure41 
10 
115 
175 
290 


Channel 
Turn-Off 
Time 
IAL = 300 01 
15 
75 
115 
190 


MC14067B/097B 
tPHZ. 
tpLZ 
50 
250 
375 
625 
I 
ns 
I 


10 
120 
1BO 
300 


i 
! 
IF,gure41 
15 
75 
115 
190 


Any Pair of Address Inputs to Output 
ns 


! 


MCl4067B 
50 
2BO 
420 
700 


I 


tPLH· 
tpHL 
10 
115 
175 
290 
15 
B5 
130 
215 


MCl4097B 
50 
250 
375 
625 
ns 


IFlgure 
101 
10 
100 
150 
250 


15 
75 
115 
190 


Sine Wave 
DistortIon 
- 
10 
0.3 
- 
- 
% 


IAL = 1 kO. f= 1 kHzl 


ON Channel 
Bandwidth 
BW 
MHz 


[AL = 1 kO. Vin= 
Y, 1VOO- 
VSSI 
p-plsine-wavell 


20L091O~= 
-3dBI 
MCI4067B 
IFigure51 
10 
15 
- 
- 


Vin 
MCI4097B 
10 
25 
- 
- 


OFF Channel 
Isolation 
- 
MHz 


IAL = 1 kO. V,n= 
J;, 
1VOO- 
VSSI 
p-plsine-waveIJ 


20 L091O~= 
-40 
dB 
MCl4067B 
IFIgure51 
10 
20 
- 
- 


V,n 
MCI4097B 
10 
12 
- 
- 


Crosstalk, 
Channel 
to Channel 
- 
10 
20 
- 
- 
MHz 
IAL = 1 kO. Vin= 
J;, 1VOO- 
VSS) 
p-plslne-wavel) 


20 L09l0 
VouHB) 
= -40 
dBI 
IFIgure61 


V,nIAI 


Crosstalk, 
Control Inputs-le-Channel 
Output 
- 
10 
30 
- 
- 
mV 
IAI = 1 kO. AL = 10 kO. Control/Inhibit 
IFigure 71 
tr=tj=20 
nsl 


Maximum 
Control Frequency 
- 
10 
5 
- 
- 
MHz 


(AL = 1 kO. Vout= 
J;, Vinl 
(Figure81 


ThIS deVice contains 
circuitry 
to protect 
the Inputs 
against 
damage 
due to high statlc voltages 
or electric fIelds. 
however, 
It IS advised 
that 


normal 
precautions 
be taken to avoid application 
of any voltage 
higher 
than maxImum 
rated voltages 
to thIs hIgh Impedance 
Circuit 
For pro 


per operation II IS recommended 
that V1n and Vout be constrained 
to the range VSS:s IVrn or Voutl:s VOO 


Unused Inputs must always be tied to an appropflate 
logiC VOltage level {e,g,. 
eIther VSS or VOOI 


II 


II 


FIGURE 3 - 
PROPAGATION 
OELAY 
TEST 
CIRCUIT 
ANO 
WAVEFORMS 
Vin to You' 


VDD 


A 
Channell 


B 
C 
D 
Vout 


Inh 


V,n 


'T' CL ~50 
pF 


V'= 


x 


o 
0 


VDD VSS 
VSS VDD 


V,n~ 
VDD 


Vx~ 
VSS 


tpLZ 


V,n~ 
VSS 


VX=VDD 


FIGURE 6 - 
CROSSTALK 
BETWEEN 
ANY 
TWO 
CHANNELS 


Channel 1 


LIVDD-VSSJ 


T7VV1 


350 


~ 


300 


0 
150 


uz 
~ 100 
~ 


150 
z 
0 
~ 


100 
~ 
50 


K.elthley 
160 
Digital 


Multlmeter 


TYPICAL 
RESISTANCE 
CHARACTERISTICS 


FIGURE 11 - 
VDD ~ 7.5 V, VSS ~ - 7.5 V 
FIGURE 12 - 
VDD ~ 5.0 V, VSS ~ - 5.0 V 


TA ·'115OC 


25uC 


·550C- 


1'- 
" 
"\ 
/ 
"' 
I'\. 
\. 
TA 
= 125°C 
\. 


'5°C 
"'- 
-55°C 
·1· 


I 


700 


600 
v; 
~ 500 


z 
400 
~~ 300 
~ 
z 
0 
100 
~~ 100 


350 


300 
~ 150 
0 


uz 
100 
~ 
~ 150 


Z 
" 


100 
~~ 50 


•••...••...... 
.- 
T~.'150C- 


.--...... 
--- 
150C- - 
- 
.~50C- - 


TA '"25°C 
T 


" 


1 


I \. 
I 


I 
\ 
1 
.1 


,VDD 
·1.5 V 


\ 
I 
\ 
I\. 


~ 
-- 


50 V 


75 V 
I 
rI 


~ 
300 


9 
250 
z 


~ 
200 
~ 
a:: 
150 
zo 


~ 
100 


50 


II 
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The 
B Series 
logic 
gates 
are 
constructed 
with 
P and 
N channel 
en- 


hancement 
mode 
devices 
in a single 
monolithic 
structure 
(Comple- 


mentary 
MOS). 
Their 
primary 
use 
is where 
low 
power 
dissipation 
and/or 
high noise immunity 
is desired. 


• 
Quiescent 
Current 
= 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typ 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
All Outputs 
Buffered 


• 
Capable 
of Driving 
Two 
Low·power 
TTL 
Loads, 
One Low·power 


Schottky 
TTL 
Load or Two HTL Loads Over the Rated 
Tempera- 


ture 
Range. 


• 
Double 
Diode 
Protection 
on All Inputs 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.510+18 
Vdc 


Input VOltage. All Inputs 
V,n 
-05 
to VOO .05 
Vdc 


DC Current 
OfClln 
per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 
Cl/CP 
Device 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


..~ 
..- 
~~~'lfI1n~ 


L SUFFIX 


CE RAMIe 
PACKAGE 


CAse 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


."m··1~·:·0.'::::.• 
P 
PI•• tlc 
Package 
A 
Extended Op••.•ting 
Tamperatur. 
Range 
C 
Limited Op••.~l"g 
Tamperatur. 
Range 


~?-'3 
10 
11 
12 


This 
device contains circuitry 
to protect 
the 
inputs 
against 
damage 
due to hi"" static 


voltages or electric fields; hO-WV8r. it 
is 


advised that normal precautions be tak,n 
to avoid applintion 
of any voltage higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance circuit. For proper oper.tion 
it 
is recommended that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS < (Vin 
or 
Vout)" 
VOO' 
Unused inputs must alwav. 
be tied to an 
appropriate logic voltage level le.g.. either 
Vssor Vool. 


® MOTOROLA 


The MC14069UB hex inverter is constructed with MOS P·channel 
and N·channel enhancement mode devices in a single monolithic 
structure. 
These 
inverters 
find 
primary 
use where 
low 
power 
dissipation andlor 
high noise immunity 
is desired. Each of the six 


inverters 
is a single 
stage to minimize 
propagation 
delays. 


• 
Quiescent Current = 0.5 nA typlpkg 
@ 5 Vdc 
• 
Noise Immunity 
= 45% of VDD typ 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-Power TTL Loads, 


One Low·Power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range 
• 
Double Diode Protection on All Inputs 
• 
Pin-for·Pin Replacement for CD4069UB 
• 
Meets JEDEC UB Specifications 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-05to 
+,s 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +'50 
°c 


1---{>o-2 


3---{>o-4 


s---{>o-s 


9---{>o-S 


11---{>o- 
10 


13---{>o- 
12 


'-"-II 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


."""'0'1~SUffiX 
Oenot •• 
l 
C••..• mic Package 


P 
Pl •• tic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperatur. 
Range 


II 


Voo 
Tlow " 
25°C 
Thigh" 


Characteristic 
Symbol 
Vdc 
Min 
MI' 
Mi" 
Typ 
MI' 
Mi" 
MI, 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi" 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO· 
4.5 Vdc) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(VO -.9.0 
Vdc) 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 
1VO· 
13.5 Vdc) 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


", •. Level 
VIH 
(VO ~ 0.5 Vdc) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vdc 
(VO - 1.0 Vdc) 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 
(VO • 1.5 Vdc) 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive Current IAL Device) 
10H 
mAde 
(VOH ~ 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.6 
.- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
~ 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Devicel 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-- 
-1.7 
- 


1VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
~.36 
- 


IVOH ~ 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
~.9 
- 


IVOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
10L 
5.0 
0.5? 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
0.9 
- 
IVOL 
- 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL DeVice' 
lin 
15 
- 
fO.l 
.0.00001 
to.1 
• 1.0 
IolAdc 


Input 
Current 
ICLlCP 
DeVice) 
lin 
15 
- 
.0.3 
'0.00001 
to.3 
- 
'1.0 
~Adc 


Input 
Capacitance 
Con 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V In 
01 


Quiescent Current 
tAL 
DeVice) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
",Adc 


(Per Package) 
10 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
(CLlCP 
DeVIce) 
100 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.6 
,uAdc 


(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
16 
15 
- 
4.0 
- 
0.0016 
4.0 
- 
30 


Total Supply 
Current··t 
IT 
6.0 
IT • 10.3 ~A/kHz) 
f + 100/6 
~Adc 


(Dynamic 
plus Quiescent, 
Per Gatel 
10 
IT' 
(0.6 ~A/kHz) 
f + 100/8 


ICL • 50 pF) 
15 
IT· 
10.9 ~AlkHz) 
f + 100/6 


Output 
Rise and Fall Times·· 
tTLH, 
ns 


ICL - 60 pFI 
tTHL 
tTLH, 
tTHL' 
(1.35 ns/pF) CL + 33 ns 
6.0 
- 
- 
- 
100 
200 
- 
- 


: tTLH, 
tTHL' 
10.60 ns/pFI 
CL + 20 ns 
10 
- 
- 
- 
50 
100 
- 
- 


tTLH, 
tTHL' 
10.40 ns/pFI 
CL + 20 ns. 
15 
- 
- 
- 
40 
80 
- 
- 


Propagation 
Delay 
Times·· 
tPLH. 
ns 


ICL - 60 pF) 
tPHL 
tPLH.tPHL· 
10.90 ns/pFI 
CL + 20 ns 
6.0 
- 
- 
- 
65 
125 
- 
- 


tPLH.tPHL· 
10.36 ns/pF) CL + 22 ns 
10 
- 
- 
- 
40 
75 
- 
- 


tPLH.tPHL· 
10.26 ns/pFI 
CL + 17 ns 
15 
- 
- 
- 
30 
55 
- 
- 


°Tlow'" 
_55°C 
for AL 
Oevice, _40°C 
for CL!CP 
Oevice 
Thigh" 
+ 12SoC for AL 
Oevice, +85°0 
for CL!CP 
Oevice 


tTo 
calculate 
total 
supply 
current 
at loads other 
then 
50 pf: 


IT(CL' 
'" IT (SO pF) 
+ 6 X 10- 3(CL 
- SO)VOOf 


where: 
IT 
is in ~A 
(per 
peckage), 
CL 
in pF, 
VOO 
in Vdc, 
and f 
kHz 
is input 
frequency. 


O. The 
formulas 
giVen are for 
the 
tYpical 
characteristics 
only 
at 
2SoC. 


#Noise 
immunity 
specified 
for 
worst·case 
input 
combination. 


Noise Margin 
for both 
"1" 
and "0" 
level •• 


0.5 Vdc min@ 
VOO ~ S.O Vdc 
1.0 Vdc min@) VOO .••.10 Vdc 
1.0 Vdc min <IPVOO .••.15 Vdc 


ThiS aevice contains 
CirCUItry to prOtect 
the inputs 
against damage due 


to high static 
VOltages or electric 
fields, 
however, 
it is advised that nor- 


mal precautions 
be taken to avoid applicatIon 
of any voltege higher than 


maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 
range VSS ~ 
(Vin 
or Voutl 
~ 
VOO' 


Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage level 
(e.g., either 
VSS or VOO)' 


® MOTOROLA 


CMOS SSI 


QUAD EXCLUSIVE 
"OR" AND "NOR" 
GATES 


MC14070B 


MC14077B 


The MC14070B quad exclusive OR gate and the MC14077B quad 
exclusive 
NOR 
gate 
are 
constructed 
with 
MaS 
P-channel and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 
monolithic 
structure. These complementary 
MOS logic gates find primary use 
where low power dissipation andlor 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typlpkg 
@ 5 Vdc 
• 
Noise Immunity 
= 45% of VDD typ 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
All Outputs Buffered 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 
• 
Double Diode Protection on All Inputs 


• 
MC14070B - 
Replacement for CD4030B, CD4070B, and 
MC14507 Types 
• 
MC14077B - 
Replacement for CD4077B Type 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
-0.5 to +18 
Vdc 


Input 
Voltagt'. 
All 
Inputs 
Vio 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
Al 
Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Voo 


~ 


oo 


VI" 
:~ 


= 
J~L 


CASE 
632 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
646 


P SUFFIX 


PLASTIC 
PACKAGE 


.O'.m'l ~SUffi)( 
Oe"ote. 


L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
extended 
Operating 


Temperatur. 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


MC14070B 
Qu8d Exclusive OR 
Gltl 


Voo 
- 
Pin 
14 
Vss - 
Pin 7 
(Both 
Devie •• ) 


MCl4077B 
Quod Exclusive NOR 
Gat. 


II 


II 


Voo 
Tlow . 
25°C 
Th;m,· 


Ch.ract.,istic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
MIX 
Min 
Max 
Unit 


Output 
VOltage 
"0" Le.•.. 
el 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage%: 
"0" 
Level 
VIL 
Vdc 
IVO - 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO • 9.00' 
1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va 
= 0.5 0' 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVo 
= 1.00,9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


IVo 
= 1 50,13.5 
Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drlve 
Current 
(AL 
DeVice) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


{VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL • 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove Current ICLiCP 
DeVice) 
IOH 
mAde 


IVOH 
= 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
-- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH '9.5 
Vdc) 
10 
-1.3 
.. 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
.. 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 04 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input COrrent (AL Device) 
lin 
15 
- 
'01 
- 
'0.00001 
10.1 
- 
:!: 10 
,'lAde 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
'03 
- 
'0.00001 
, 03 
- 
" 
.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
-- 
- 
pF 


IV;n 
= 01 


Quiescent Current IAL DeVice) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
,uAdc 


(Per Package) 
10 
.. 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent Currenl 
(CLlCP 
DeVice) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
,uAde 


(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply Current-· 
t 
IT 
50 
IT' 
(0.3 "A/kHz) 
f + 100 
,uAdc 


(DynamiC plus Quiescent, 
10 
IT - (0.6 "A/kHz) 
f + 100 
Per Package) 
15 
IT - (0.9 "A/kHz) 
f + 100 
(el 
'" 50 pF on all outputs, 
all 
buffers sWItching) 


Output 
Rise and Fall Times·· 
tTLH. 
ns 


(CL - 50 pFI 
tTHL 
tTLH. 
tTHL-I1.35ns/pFI 
CL + 33 ns 
5.0 
- 
- 
- 
100 
200 
- 
- 


tTLH. 
tTHL 
- 
10.60 ns/pF) CL + 20 ns 
10 
-- 
-- 
- 
50 
100 
- 
- 


tTLH. 
tTH L' 
10.40 ns/pF I CL + 20 ns 
15 
-- 
- 
40 
80 
-- 
- 


Propagation Oelay Times·· 
tpLH. 
ns 
eCL = 50'pF) 
tPHL 


tpLH.tpHL 
-(O.90ns/pF) 
CL +115 ns 
5.0 
- 
- 
- 
175 
350 
- 
- 


tpLH.tpHL 
-(0.36 
no!pF) CL +47 no 
10 
- 
- 
-- 
75 
150 
-- 
- 


tpLH.tpHL 
-(0.26 
ns/pF) CL +37 n. 
15 
- 
- 
- 
50 
100 
- 
- 


·Tlow': 
-55°C 
for AL DeVice. -40oC for CLlCP 
DeVice 


Thigh:: 
+1250C 
for AL Device. +S50C for ClICP 
Oevice. 


~Noise Immunity 
specified for worst-case input combination. 


NOiseMargin for both "1" and "0" 
level:: 
1.0 Vdc min @ VOD 
=- 5_0 Vdc 
2.0 Vdc min@ VOO 
= 10 Vdc 
2.5 Vdc min@ VOD 
:: 15 Vdc 
fTo calculate total supply current at loads other than 50 pF: 


ITICLI 
• ITISO pFI 
+ 1 x 10-3 ICL -501 VOOI 
where: IT is in ~A (per package), CL in pF. VOO in Vdc. and f in kHz is input frequency . 
• ·The formulas given are for the typical characteristics only at 250<;. 


® MOTOROLA 


The MC14071 and MC14071 B are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure 
(Comple- 
mentary 
MOS). Their 
primary 
use is where low power dissipation 
and/or 
high noise immunity 
is desired. 


• 
Ouiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs 8uffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14071 B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin 
Replacement 
for CD4081 
B 


R.tine 
Symbol 
Value 
Un,t 


O~ 
Supply 
Voltage 
VOO 
-0.510+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.510 VOO +05 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operavng 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 to +125 
°c 
CL/CP 
Device 
~O 10 +85 


Storage 
Temperature 
Range 
T"o 
-6510 +150 
°c 


See the MC 14001 
B data sheet for complete 
characteristics 
of 
this device. 


.._,.• 


L SUFFIX 
P SUFFIX II 
CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
632 
CASE 
646 


ORDERING 
INFORMATION 


MC'oIXXXJ'p;;':' ~':~::.- 


Delete for 
P 
PI.'tlc 
Package 
Non-B 
Oevice 
A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 


Tamperatur. 
Range 


,~ 


2~3 


6~ 
6~4:~,o 


'2~ 
" 
'3 


Voo· 
Pin 
,. 


VSS" 
Pin 7 


This device contains 
circuitry 
to protect 
the inputs against damage due 
to high 
static voltages or electric fields; howey.,.. it is ~vi"d 
thet nor- 


mal precautions 
be takan to avoid application 
of any voltaga higher than 
ma.imum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it i. recommended 
that 
V in and 
Vout 
be con.trained 
to the 
range VSS C;;;(Vin 
or Vout):"; 
VOO- 


Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage level 
(e.g., either 
VSS or VOO). 


II 


® MOTOROLA 


The B Series logic gates are constructed 
with 
P and N channel en- 
hancement mode devices in a single monolithic 
structure 
(Comple- 
lJlentary MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power 
TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD4072B 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-05 
to .18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0510 
VOO ·05 
Vdc 


DC Current 
Drain 
per 
PI" 
I 
10 
mAde 


OJ:)erattng 
Temperature 
Range 
A L De\llCe 
TA 
-55 to '125 
°c 
ClICP 
DeVice 
-40 to ..-85 


Storage 
Temperature 
Range 
T$19 
-6510 
'150 
°c 


[ 
See the MC14001B data sheet for complete characteristics for this device. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 
PLASTIC 
PACKAGE 
CAse ~6 


ORDERING 
INFORMATION 
~''''''r'·"''~- 
c L Ceramic Peek..- 
P 
PI.stie Plck-ee 
A 
ExtancMd Operating 
Tamperatur. 
Ringe 
C 
Limited 
Operating 
Temperatur. 
Ringe 


~P-1 
1:~13 
11 


12 


This device contains circuitry 
to protect 
the inputs against damage due to high Itltte 
voltages or 
electric 
fields; 
hOVlll8ver.it 
is 
advised that normal 
precautions W taken 
to 
avoid 
application 
of 
M1y 
YOltage higher 
than 
maximum 
rated voltages 
to this high 
impedilnce 
circuit. 
For proper 
operation 
it 
is r.commended 
tMt 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS ~ 
(Vin or 


Vout' 
<; VOD' 


Unused 
inRuti 
must 
aI~s 
be tied to ., 
appropriate 
logic volt. 
level (•. g., .ither 
VSS or VODI. 


® MOTOROLA 


The B Series logic gates are constructed 
with P and N channel en· 
hancement mode devices in a single monolithic 
structure 
(Com ple- 
I)'lentary MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Ouiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDO typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-pdwer 
TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Tempera· 
ture Range. 


• 
Double Diode Protection 
on All Inputs 


• 
Pin·for·Pin Replacement for. CD40738 


Rating 
Svmbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-05 
to VOO 
-OS 
Vdc 


DC 
Current 
Drain 
per 
PIn 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL DeVice 
TA 
-55to+125 
°c 
CLlCP 
DeVICe 
-40 
to +85 


Storage Temperature 
Range 
T••• 
-65 to +150 
°c 


Voo 
:d 
8,6,13--1 
9 
Vss 


,-,.•• 


L SUFFIX 


CE RAMie 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 6.6 


M<'••••• 1~7·~,.:~.:.. 


P 
PI •• tlc 
Packag4J 
A 
Extended 
Operating 
Tamperatur. 
Range 
C 
l.lmlted 
Operating 
Tamp.ratur. 
Ranee 


113=0- 
12 
10 


13 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high Itatic 
voltages or electric 
fields; 
hO'll'tl8ver, 
it 
is 
advised that normal precautions be taken 
to 
avoid 
application 
of any voltage 
higher 
than maximum 
rated Yoltagel to thil 
high 
impedance circuit. For proper operltion 
it 
il 
recommended 
that 
Vin 
and 
Vout t. 
conltrained 
to 
the 
range VSS 
C; 
(Vin 
or 
Vou,l 
<; VOO· 


Unu.d 
inQuu mUlt 
alY\l8YI be tied to en 
appropriate logic voltage le.•••I' <1.'1.,either 
VSSorVOOI. 


II 


® MOTOROLA 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 
,."entary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typ 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
• 
Capable of Driving Two low-power TTlloads. 
One low-power 
Schottky TTlload 
or Two HTlloads 
Over the Rated Tempera· 
ture Range. 


• 
Double Diode Protection on All Inputs 
• 
Pin-for-Pin Replacement for CD4075B 


Rati", 
Svmbol 
Value 
Unit 


DC Suppl V Vol rage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.510 
VOO 
-05 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - AL DeVIce 
TA 
-55'0 
+q5 
°c 
ClICP 
OevtCe 
-40.0 
+85 


Storage Temperature Range 
T". 
-65'0 
+150 
°c 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE ~6 


MC'4XXXB 
TSUfflX 
Oenot •• 


~ 


L 
Coroml. Pock_ 
P 
Plastic 'ackage 
A 
E •• ended 
Operating 
Temper.tur. 
Range 
e 
Limited 
Operating 
T emp.,atur. 
P1ange 


LOGIC 
DIAGRAM 
:3=0-9 


113=0- 
12 
10 


13 


This device contains circuitry to protect 
the 
inputs 
against 
damage 
due to high static 
voltages 
or 
electric 
f~Idt:; however, 
it 
is 
edvised 
thlt 
normal 
precautions 
•• 
taken 
to 
avoid 
application 
of any voltage 
higher 
than maximum 
rlted voltages to this hiih 
impedance circuit. For proper op.ratton 
it 
is r.commended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
<; (Vin 
or 
Vou.) 
•• VOO- 
. 


Unused inRuts must always be tied to .., 
.ppropriat. 
logic yoltege l.vel' {•. g., .ith.r 
VSS or VDDI. 


® MOTOROLA 


4-BIT D-TYPE 
REGISTER 
with THREE-STATE 
OUTPUTS 


The 
MC14076B 
4-Bit 
Register 
consists 
of four 
D-type 
flip·flops 
operating 
synchronously 
from 
a common 
clock. 
OR gated 
output- 
disable 
inputs 
force 
the outputs 
into 
a high-impedance 
state 
for use 
in bus organized 
systems. 
OR gated 
data-disable 
inputs 
cause 
the Q 
outputs 
to be fed back 
to the 0 
inputs 
of the flip-flops. 
Thus 
they 
are inhibited 
from 
changing 
state while the clocking 
process 
remains 
undisturbed. 
An 
asynchronous 
master 
reset 
is provided 
to clear 
all 
four 
flip-flops 
simultaneously 
independent 
of the 
clock 
or disable 
inputs. 


• 
Three-State 
Outputs 
with Gated 
Control 
Lines 


• 
Fully 
Independant 
Clock 
Allows 
Unrestricted 
Operation 
for the 
Two Modes: 
Parallel 
Load and Do Nothing 


• 
Asynchronous 
Master 
Reset 


• 
For Bus Buffer 
Registers 


• 
Quiescent 
Current 
= 5.0 
nA/package 
typical 
@ 5 Vdc' 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, One Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper· 
ature 
Range 


Rilting 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5to+18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Oevfce 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


INPUTS 


Data Disable 
Do•• 
OUTPUT 
R_t 
Clock 
A 
B 
D 
Q 


t 
X 
X 
X 
X 
0 


0 
0 
X 
X 
X 
an 


0 
J 
1 
X 
X 
an 


0 
...r 
X 
1 
X 
an 


0 
...r 
0 
0 
0 
0 


0 
...r 
0 
0 
1 
1 


When either output di••ble A or 8 lor both) I, <are) hJgh the output I, disabled to the high- 
impedance ltate; however ,.,quenti.' 
operation of the fllp·flop, 
I, not effected. 


X • 
Don't 
Cer •. 


QUAD 
OoTYPE REGISTER 
with THREE 
STATE 
OUTPUTS 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


.0 
•••••• 
115U11i)l; 
Oenot•• 


L 
Ceramic 
Package 
P 
Plntic 
Package 
A 
Extended O~r.ting 
Temper.tur. 
A.nge 
C 
Limited 
Op.r.ting 
Temper.ture A.n~ 


BLOCK 
DIAGRAM 


15 
R_ 
ao 
3 


14 
DO 


13 
01 


12 
02 
al 
4 


11 
03 


10 
a } D.t. 
9 
A 
DINlbI. 
a2 
5 


7 
Clock 


2 
B} Output 
1 
A 
OINlbI• 
a3 
5 


VOO 
- 
Pin 
16 


VSS 
- 
Pin 8 


II 


Voo 
Tlow. 
25°C 
Thi h· 


CharKteristic 
Symbol 
Vdc 
Min 
M •• 
Min 
Typ 
M •• 
Min 
M •• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin 
0. VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage#' 
"0" Level 
VIL 
Vdc 
(VO • 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 0,1.0 
Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.50' 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"1" level 
VIH 
(VO = 0.5 0' 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current IAL Devicel 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (Cl/CP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-036 
- 
(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


InpUt Current IAL Devicel 
lin 
15 
- 
to.l 
- 
to.ooool 
to.l 
- 
tl.0 
~Adc 


Input Current (CL/CP Devicel 
lin 
15 
- 
to.3 
- 
10.ססOO1 
10.3 
- 
11.0 
~Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 01 


Quiescent Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
#lAde 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.016 
20 
- 
600 


Quiescent Current ICLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IlAde 
(Per Package) 
10 
- 
40 
- 
0.Q10 
40 
- 
300 
15 
- 
80 
- 
0.Q16 
80 
- 
600 
Total Supply Current·"t 
IT 
5.0 
IT ~ (0.75 jlA/kHz) 
I + 100 
jlAdc 
(Dynamic plus Quiescent. 
10 
IT -(1.50 
jlA/kHzl 
1+ 
100 


Per 
Package 
I 
15 
IT - (2.25 jlA/kHz) 
I + too 
(eL :: 50 pF on all outputs. all 
buffen 
switching) 


Three-State Leakage Current 
ITL 
15 
- 
10.1 
- 
.0.ססoo1 
10.1 
- 
13.0 
jlAdc 
IAL Device) 


Three-State Leakage Current 
ITL 
15 
- 
11.0 
- 
.0.00001 
11.0 
- 
17.5 
pAdc 
(CLlCP oevicel 


-Tlow 
= -55°C 
for AL Oevice. -400C 
for CL/CP 
Device. 


Thigh ~ +12SoC for AL Device. +850C for CL/CP Device. 


~Noise immunity specified for worst-case input combination. 


Noise Margin for both "1" and "0" level = 1.0 Vdc min @ VOO 
= 5.0 Vdc 
2.0 Vdc min@ Voo 
• 10 Vdc 
2.5 Vdc min @ Voo 
= 15 Vdc 
tT ° calculate total supply current at loads other than 50 pF: 


ITICLI - ITlSO pFI + 2 x 10":3 lCL -501 
Vool 
where: IT is in ~A (per package). CL in pF. VOD in Vdc. and f in kHz is input frequency. 
·-The 
formulas given are for the typical characteristics only at 25°C. 


A ••• 
t •• 0 
Oata 
Oitable 
A and B ""0 
Output 
Disable 
A and B :II 0 


Output 
Dilable 
A or 
B 


VOH 


{ 
==2.5VOVOo=SV, 


10V,and 
15V 


{ 


== 
2 V @ V DO'" 
5 V 
AnyQ 
== 
6V(§lVOO'" 
10V 
Output 
== 
10VOVOO=15V 
VOL 
C~~~::d 
--+oi~~:::'~:te-d-""---- 
OU'q)uU 
Connectsd 


Voo 
for 
tPLZ 
end tPZL 


VSS for tpHZ 
end tPZH II 


300 


PIN ASSIGNMENT 


16 


2 
15 


401 
3 
14 


4 
13 


6 
12 


6 
11 


10 


8 
9 


502 


II 


Voo 
CharKteristic 
Symbol 
Vde 
Min 
Typ 
MIX 
Unit 


Output 
Rise Time, 
All S-5eries 
Gates 
tTLH 
ns 
tTLH 
: (3.0 ns/pF) CL + 30 ns 
5.0 
- 
100 
200 


tTLH 
= (1.5 ns/pF) CL + 15 ns 
10 
- 
50 
100 
tTLH 
= (1.1 ns/pFI CL + 10 ns 
15 
- 
40 
80 


Output fall Time. All e.series Gates 
tTHL 
ns 
tTHL 
: 0.5 nsipFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
: 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
tPHL 
ns 


Clock to a 
tpLH. 
tpHL 
= 11.7 ns/pFI CL + 215 ns 
5.0 
- 
300 
600 


tpLH. tPHL = 10.66 ns/pFI CL + 92 ns 
10 
- 
125 
250 
tpLH. tPHL : (0.5 ns/pFI CL + 65 n. 
15 
- 
90 
180 
Reset 
to Q 
tPLH. tpHL 
• (1.7 ns/pFI CL + 215 n. 
5.0 
- 
300 
600 


IPLH. tPHL = 10.66 ns/pFI CL + 92 ns 
10 
- 
125 
250 
IpLH. IpHL 
: (0.5 n./pFI 
CL + 65 n. 
15 
- 
90 
180 


3-5tate 
Propagation 
Delay. Output 
"," 
or "0" 
tPHZ.IPLZ 
5.0 
- 
150 
300 
n. 


to High Impedance 
10 
- 
60 
120 
15 
- 
45 
90 


3-5t8te 
Prqpagation 
Delav. High Impedance 
IPZH.IPZL 
5.0 
- 
200 
400 
n. 
to "1" 
or "0" 
level 
10 
- 
80 
160 
15 
- 
60 
120 


Clock Pulse Width 
tWH 
5.0 
260 
130 
- 
ns 
10 
110 
55 
- 
15 
80 
40 
- 


Reset Pulse Width 
'WH 
5.0 
370 
185 
- 
n. 
10 
150 
75 
- 
15 
110 
55 
- 


Data Setup 
Time 
tsu 
5.0 
30 
15 
- 
n. 
10 
10 
5 
- 


15 
4 
2 
- 


Data Hold Time 
th 
5.0 
130 
65 
- 
ns 


10 
60 
30 
- 
15 
50 
25 
- 


Data Disable Setup Time 


. 


Isu 
5.0 
220 
110 
- 
n. 


10 
80 
40 
- 
15 
50 
25 
- 


Clock Pulse Rise and Fall Time 
tTLH. 
tTHL 
5.0 
- 
- 
15 
1" 
10 
- 
- 
5 
15 
- 
- 
4 


Clock Pulse frequency 
fel 
5.0 
- 
3.6 
1.8 
MHz 
10 
- 
9.0 
4.5 
15 
- 
12 
6.0 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, it is ad- 


vised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS 
IIlii; (Vin or Vout) 


';VOO· 


Unused inputs must always be ti~ 
to an appropriate 
logic voltage level (e.g., either VSS or Vool. 


® MOTOROLA 


CMOS 551 


QUAO EXCLUSIVE 
"OR" ANO"NOR" 
GATES 


The MC14070B quad exclusive OR gate and the MCI4077B 
quad 
exclusive 
NOR 
gate 
are 
constructed 
with 
MOS P-channel and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 
monolithic 
stmcture. 
These complementary 
MOS logic gates find primary use 
where low power dissipation and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 
• 
Noise Immunity 
= 45% of VDD typ 
• 
Supply Voltage Range = 3.0 Vdc to lB Vdc 
• 
All Outputs Buffered 
• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
MC14070B - 
Replacement for CD4030B. CD4070B. and 
MC14507 Types 
• 
MCI4077B 
- 
Replacement for CD4077B Type 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Yon 
-{).5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
1q 
mAde 


Operating 
Temperature'Range 
- 
AL Device 
TA 
-55 to +125 
°c 
C LlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


FOR COMPLETE OAT A 
SEE MC14070B 


.._'. 


CASE 
632 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
646 
PSUFFIX 
PLASTIC 
PACKAGE B 
McaXXXB~SU~f;Xc.::;:t::Ck'" 
t: P 
Plastic 
Package 


A 
Extended 
Operating 
Tamper.tur. Rang. 
e 
Limited 
Operating 
Temper.tur. 
Range 


MC14070B 
Quad Exclusive 
OR 
Gate 


MCl4077B 
Q..-I 
Exclusive 
NOR 
Got. 


VOD - Pin 1. 
Vss - Pin 7 
(Both 
Davie •• ) 


II 


® MOTOROLA 


The B S~ries logic gates are constructed with P and N channel en· 
hancement mode devices in a single monolithic 
structure 
(Comple· 


",entary 
MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
,Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera· 
ture Range. 


• 
Double Diode Protection on All Inputs 


Rating 
Svmbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
·05'0'18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05,oVOO'05 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL DeVice 
TA 
-55'0 
'125 
°c 
CLlCP DeVice 
-40 '0 '85 


Storage 
Temperature 
Range 
T"a 
-65 '0 '150 
°c 


Vss 


4 
Same 
•• 
S 
.bo....• 
9 
S.m ••• 
10 
above 
11 
Sama 
at 
12 
abov. 


l SUFFIX 


CERAMIC 
PA.CKAGE 


CASE 
632 


P SUFFIX 


PLA.STIC 
PACKAGE 
CASE6.6 


MC14XXXB 
rSUfflX 
Oenot 
•• 


~ 


l 
coroml. 
Peckogo 
P 
PI•• tlc 'Iekqe 
A 
Extended 
Op ••.• tlng 
Temperatur. 
Rana- 
e 
L.,imltad 
Op ••.• tlng 
Tamperatur. 
Renge 


j?-13 


10 
11 
12 


This device cont,ins circuitry 
to protect 
the 
Inputs against 
damage 
due to high Itltic 
voltages or ,leel,ie 
fields; 
hoVtevlr, 
it 
il 


advised 
that 
normal 
precal,ltionl 
t:. 
tlk.n 
to 
avoid 
applicltion 
of 
any 
voltage 
higher 
than 
maxImum 
r.ted 
volta~s 
to 
this 
high 


impedance 
circuit. 
For 
proper 
operlttan 
it 
is 
recommtnded 
thlt 
Vi" 
Ind 
Vout 
be 
constrained 
to 
the 
rlnge 
VSS 
,.;; (Vin 
or 


Vou')" 
VOO' 


Unused 
inRuU 
must 
IlwIYs 
be 
tied 
to an 
appropriltt 
logic 
volt. 
level 
(e.g., 
either 
Vssor 
VOOI. 


® MOTOROLA 


The MC14081 and MC14081B are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure 
(Comple· 


mentary 
MOS). Their 
primary 
use is where low power dissipation 
and/or 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range, (MC14081 B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for-Pin 
Replacement 
for CD4081 
B 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 to VOO 
+05 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operatlng Temperature Range - 
AL DeVice 
TA 
-55 to +125 
°c 
CL/CP 
Device 
~O 
to t85 


Storage Temperature 
Range 
TstQ 
-65 '0 +150 
°c 


See the MC 14001 B data sheet for complete 
characteristics 
of 


this device. 


'.,.• 


L SUFFIX 
P SUFFIX 
E 
CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
632 
CAse 
646 


ORDERING 
INFORMATION 


MC14XXXJ'I(':'~.':~.:.- 


Delete 
for 
P 
PI•• tlc Package 
Nan.B 
Device 
A 
Extended 
Operating 
Temperatur. 
Range 
C 
Limited 
Operating 
Temperatur. 
Range 


Voo 
- 
Pin 14 


Vss - 
Pin 7 


Thl, device contains circuitry to protect the lnputt agalnlt 
damege due 
to high .~tlc voltages or electric field'; howev.,. 
It I, advised thet nor- 


mal precautions 
be •• ken to .vold 
.ppllc:etlon 
of any voltage 
higher than 
maximum 
r.t~ 
voltages 
to 
thll 
high 
Impedance 
circuit. 
For 
proper 


oper.tlon 
It il recommended 
th.t 
V In and 
Vout 
be conltralned 
to 
the 


r.nge 
VSS c; 
(Vln 
or Vout) 
~ 
VOO' 


UnuI~ 
inputs 
mUlt 
alwaYI 
be tied to an appropriate 
logic voltage 
level 


(e.g., _Ither 
Vss 
or VOO). 


® MOTOROLA 


The B Series logic gates are constructed 
with P and N channel en· 
hancement mode devices in a single monolithic 
structure 
(Comple· 


rpentary 
MOS). Their 
primary 
use is where low power dissipation 
andlor high noise immunity 
is desired. 
II 


• 
Quiescent Current = 0.5 nA typlpkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacement for CD40828 


R.ting 
Svmbol 
Value 
Unit 


DC Supply Voltage 
voo 
-05 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0510VOO 
·05 
Vdc 


DC 
Current 
Dram 
per 
Pin 
I 
10 
mAde 


Operating Temperarure 
Range 
AL DeVice 
TA 
-55 to '125 
°c 
ClICP 
DeVice 
-40 to .85 


Storage Temperature 
Range 
Tno 
-65 to ., 50 
°c 


l SUFFIX 


CE RAMie 
PACK AGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


·'''''''11;':'',.,::::.- 
P 
Pla.tic Packa". 
A 
Extended 
Operating 
Temperatur. 
Range 
C 
L.imited Operating 
Tamperatur. Rang. 


2p 
3 
1 
4 


5I~P'3 
11 


12 


ThiS 
device 
contains 
circuitrv 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hOMv,r. 
It is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
<; (Vin 
or 
Voutl 
<; VOO' 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., eith.r 
VSS or VOOI. 


® MOTOROLA 


The MC140936 
Schmitt 
trigger 
is constructed 
with MaS P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
monolithic 


structure. 
These 
devices 
find 
primary 
use where 
low power 
dissi- 
pation 
and/or 
high noise 
immunity 
is desired. 
The 
MC140936 
may 
be 
used 
in place 
of 
the 
MC14011B 
quad 
2-input 
NAND 
gate 
for 
enhanced 
'noise 
immunity 
or 
to 
"square 
up" 
slowly 
changing 


waveforms. 


• 
Quiescent 
Current 
= 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 16 Vdc 


• 
Capable 
of Driving 
Two 
low-Power 
TTl 
loads, 
One low-Power 
Schottky 
TTl 
load 
or Two 
HTlloads 
Over the Rated 
Temper- 


ature 
Range 


• 
Double 
Diode 
Protection 
on All Inputs 


• 
Pin-for-Pin 
Compatible 
with CD4093 


• 
Can be Used to Replace 
MC14011B 


Rating 
Symbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-05 
to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
PIn 
I 
10 
mAde 


Operating Temperature 
Range -- A L Device 
TA 
-55 to +125 
°c 
CLlep 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 to +150 
°c 


This device contains circuitry 
to protect 
the inputs 89ainst damage due to high 
static 
voltages 
or electric 
fields; 
however. 
it is advised 
that normal 
precautions 
be 
taken to avoid application 
of any voltage higher than maximum 
fated volt8Q1Kto 
this high impedance circuit. 
For proper operation 
it is recommended that Vin and 
Vout be constrained 
to the range VSS" 
(Vin or Vout) 
" VOD. 
Unused inputs must alwavs be tied to an appropriate logic voltage level (e.g., 
either VSS or VOOL 


QUAD 2,INPUT 
"NAND" 
SCHMITT 
TRIGGER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CAse 
646 


."""'11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


5=EP- 
~ 
4 


6 


'2~ 
~ 
11 


13 


EI 


Voo 
Tlow . 
25°C 
Th' h· 


Char.c:teristic 
Symbol 
Vde 
Min 
MIX 
Min 
Typ 
Mo. 
Min 
MIX 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vde 
Vin - VOoor 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin -Oor 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" 
Level 
VIL 
Vde 
(VO 
4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
- 
1.5 
- 
1.5 
1VO 9.0 or 1.0 Vdel 
10 
- 
3.0 
- 
- 
3.0 
- 
3.0 
(VO 
13.5 or 1.5 Vde) 
15 
- 
4.0 
- 
- 
4.0 
- 
4.0 


"". 
Level 
VIH 
(VO' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
- 
- 
3.5 
- 
Vde 
(VO' 
1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
- 
- 
7.0 
- 
1VOc 1.5 or 13.5 Vdel 
15 
11.0 
- 
11.0 
- 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
1VOH' 2.5 Vdel 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH' 4.6 Vdel 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdel 
10 
-1.6 
- 
-1.3 . 
-2.25 
- 
-0.9 
- 
(VOH: 13.5 Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL = 0.4 Vdel 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL: 0.5 IIdel 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL: 1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CUep 
Device) 
10H 
mAde 
(VOH : 2.5 Vdel 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH : 4.6 Vdel 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH: 9.5 Vdel 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH: 13.5 Vdel 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(VOL: 0.4 Vdel 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vde) 
10 
1.3 
.. 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vde) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAl 
Device I 
lin 
15 
- 
101 
- 
10.00001 
to.l 
- 
11.0 
IJAdc 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
to.3 
- 
10.00001 
.to.3 
- 
t 1.0 
",Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin" O) 


QUtesee", 
Current IAL Device) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
""Adc 
(Per Package) 
10 
. 
0.50 
- 
0.0010 
0.50 
- 
16 
15 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
(CUep 
DeVice) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.6 
jJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
16 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT - 11.21'AlkHzl 1+100 
""Adc 


(Dvnamic 
plus 
Quiescent, 
10 
IT - (2.41'.AlkHzl 1+ 100 
Per Package) 
15 
IT - (3.6I'A/kHzl I + 100 


{el 
. 50 pF, on all outputs, 
all 


buffers 
sWltchi,ngl 


Hysteresis 
Voltage 
v~· 
5.0 
0.20 
0.62 
0.17 
0.26 
0.6 
0.13 
0.6 
Vdc 


(Pins 1, 5, 8 and 12 held high 
10 
0.29 
0.85 
0.25 
0.38 
0.8 
0.20 
0.8 


or Pins 2. 6. 9 and 13 held highl 
16 
0.39 
1.20 
0.33 
0.50 
0.9 
0.27 
1.1 
Thr'lIhold Voltoge 
(Pinl 2, 6. 9. 12. hold highl 
VT+ 
6.0 
1.90 
4.15 
1.80 
2.70 
4.05 
1.70 
4.05 
Vdc 
PooItivlKiaing 
10 
3.05 
6.75 
2.95 
4.43 
6.65 
2.86 
6.66 
16 
4.12 
9.16 
4.02 
6.03 
9.05 
3.92 
9.06 
I~ogetlve-Gaing 
VT_ 
6.0 
1.63 
3.76 
1.63 
2.44 
3.66 
1.63 
3.66 
Vdc 
10 
2.70 
6.18 
2.70 
4.05 
6.08 
2.80 
8.08 
15 
3.69 
8.40 
3.69 
5.63 
8.30 
3.70 
8.30 


··flow - ~60C lor AL DevIce.-4O"c lor CLlCP Device. 
Thigh - +126oC lor AL DevIce.+86OClor CLlCP DevIce. 


• \loi•• immunity .-:ified 
for wont-call input combination. 


Nai•• Morginlor both "1" .nd "0" _I 
- 


1.0 Vdc min. 
VOO - 6.0 Vdc 
2.0 Vdc min. 
VOO - 10 Vdc 
2.5 Vdc min. 
VOO - 16 Vdc 


fTo _uloto 
totolsupply eu••••••t ot I••• 
othor thon 50 pF: 


IT (CLI• IT (50 pFI + 4 • 10-3 (CL ~l 
VOOI 
.....no: 
IT II In I'A (1* ....,kogel. CL In pF. VOO In Vde• 
one!I In kHz il input lnoq_. 


··The lormul•• gIwn onolor the typic:-' """noctenrtles only .t 260C. 
*vH - VT+ - VT_ (But moximumvariotlon 01 VH II _lfIed 
•• 
I_thwo 
VT+mox - VT-mln). 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Mo. 
Unit 


Output Rise Time 
'TLH 
5.0 
- 
100 
200 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


Output Fall Time 
'THL 
5.0 
- 
100 
200 
ns 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Delay Time 
'pLH.'PHL 
5.0 
- 
125 
250 
ns 
10 
- 
50 
100 
15 
- 
40 
80 
E 


Vook 


4 


~ 
Output 


Input I 


7 -=- VSS 
J CL 


V;n~ 


~ 
V 
out 


VControl- 
1 


VH 
------------- 
Voo 
l.._~ 
__ 
~ 
r-rj- - 'l'c/~-- 
I 
I 
Vss 
I 
. 
I 


~ 


4 


'OH 


Voul 


All unused 
inputs 
7 


conl"llCttd 
to ground. 
VGS 


"".5 


~ 
-40 
~~ 
=>uz 
-60 


~ 


~ 
-80 


TA" 
-SSoC 


fA 
2 +2S0C 


c 
TA"+1250C 


I 


I 
I 
I 
I 
I 
I 
I 


VT- 
Vp· 
--l 
VH I-- 


V;n. INPUT VOLTAGE 
(Vdc) 


TA" 
·SSoC 


TA" ·250C 
c 
TA." 
·1250C 


® MOTOROLA 


a-STAGE 
SHIFT/STORE 
REGISTER 
WITH 
THREE-STATE 
OUTPUTS 


The 
MC14094B 
combines 
an 
8-stage 
shift 
register 
with 
a data 
latch 
for each stage and a three-state 
output 
from 
each latch. 


Data 
is shifted 
on 
the 
positive 
clock 
transition 
and 
is shifted 
from 
the 
seventh 
stage 
to 
two 
serial 
output~. 
The 
aS 
output 
data 
is for 
use 
in high-speed 
cascaded 
systems. 
The 
a·S 
output 
data 
is 


shifted 
on 
the 
following 
negative 
clock 
transition 
for 
use 
in 
low·speed 
cascaded 
systems. 


Data 
from 
each 
stage 
of 
the 
shift 
register 
is latched 
on 
the 
negative 
transition 
of 
the 
strobe 
input. 
Data 
propagates 
through 
the latch while strobe 
is high. 


Outputs 
of 
the 
eight 
data 
latches 
are controlled 
by three·state 
buffers 
which 
are placed 
in the high-impedance 
state 
by a logic Low 
on Output 
Enable. 


• 
Three·State 
Outputs 


• 
Capable 
of Driving Two 
Low-Power 
TTL 
Loads. 
One Low-Power 
Schottky 
TTL 
Load or Two 
HTTL 
Loads Over the Rated 
Temperature 
Range 


• 
Input 
Diode 
Protection 


• 
Data 
Latch 


• 
Dual Outputs 
for Data Out on Both 
Positive 
and Negative 
Clock 


Transitions 


• 
Useful 
for Serial-to-Parallel 
Data Conversion 


• 
Three-State 
Bus Compatible 


• 
Pin-for-Pin 
Compatible 
with CD4094B 


MAXIMUM 
RATINGS 
(Voltages referenced to Vss. Pin 81. 


Rating 
Symbol 
Vatue 
Unit 
OC Supp1v Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


Output 
P.ranel 
Outputs 
Serial Outputs 


Clock 
Enable 
Strobe 
Data 
Ql 
ON 
aS· 
O·S 


.f 
0 
x 
X 
3S 
3S 
Q7 
No Chg. 
"\.. 
0 
x 
X 
3S 
3S 
No Chg. 
07 
J 
1 
0 
X 
No Chg. 
No Chg. 
07 
No Chg. 
.r 
1 
1 
0 
0 
°N-l 
07 
No Chg. 
.r 
1 
1 
1 
1 
ON-l 
07 
No Chg. 
\.. 
1 
1 
1 
No Chg. 
No Chg. 
No Chg. 
07 


35 - Three-State 
X • Don't Car. 
-At 
the 
positive 
clock 
edge, 
information 
in the 
7th 
shift 
regilter 
stage 
is transferred 
to 
08 and OS. 


",'_J 
IJ 


LSUFFIX 
_ 
CERAMIC 
PACKAGE 


CASE 
620 
16 


1 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 
."..'"r,..... 
0••• _ 
L L 
Ceramic 
Package 
P 
Plastic 
Package 
A 
Ext.nded 
Operating 
Temperatur. 
Aange 
e 
Limited 
Operating 
Temperatur. 
Range 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high static 
voltages 
or 
electric 
fields; 
however. 
it 
is 
advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it 
is 
recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
C;; 
(Vin 
or 
Voutl" 
VOO· 
Unused 
inputs 
must 
always 
be 
tied 
to 
en 
appropriate 
logic 
voltage 
level 
(e.g .• eith.r 
VSS or VOOI. 


Voo 
Tlow· 
25°C 
Th''''' 
• 
Ch.fKteristic 
Symbol 
Vdc 
Min 
MI' 
Mi" 
Typ 
MI, 
Mi" 
MI, 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
.. 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n-VODorO 
10 
.. 
0.05 
.. 
0 
0.05 
- 
0.05 
15 
- 
0.05 
.. 
0 
0.05 
.. 
0.05 


.. ," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
.. 
4.95 
- 
Vdc 
V.n -Oor 
VOO 
10 
9.95 
.. 
9.95 
10 
.. 
9.95 
.. 


15 
14.95 
- 
14.95 
15 
- 
14.95 
.. 


Input 
Voltage.l; 
"0" 
Level 
VIL 
Vdc 
(VO - 4.5 or 0.5 Vdcl 
5.0 
.. 
1.5 
.. 
2.25 
1.5 
.. 
1.5 


(VO • 9.0 or 1.0 Vdcl 
10 
.. 
3.0 
- 
4.50 
3.0 
.. 
3.0 


(VO • 13.5 or 1.5 Vdcl 
15 
.. 
4.0 
.. 
6.75 
4.0 
.. 
4.0 


·'1" 
Level 
VIH 
(VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
.. 
3.5 
2.75 
.. 
3.5 
.. 
Vdc 
1VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1 5 or 13.5 Vdcl 
15 
11.0 
.. 
11.0 
8.25 
- 
11.0 
.. 


Output 
Orlve 
Current 
tAL 
DeVice) 
IOH 
mAde 
1VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
.. 
-1.7 
.. 


(VOH • 4.6 Vdc) 
5.0 
-0.64 
.. 
-0.51 
-0.88 
- 
-0.36 
- 
1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
.. 
-3.4 
-8.8 
.. 
-2.4 
.. 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
.. 
0.51 
0.88 
.. 
0.36 
.. 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
13 
2.25 
.. 
0.9 
- 
(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
.. 


OutpUt 
Oriw 
Current 
ICLlCP 
Device I 
IOH 
mAde 


1VOH = 2.5 Vdc) 
Sou,ce 
5.0 
-2.5 
.. 
-2.1 
-4.2 
.. 
-1.7 
.. 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
.. 
-0.36 
.. 


1VOH • 9.5 Vdcl 
10 
-1.3 
.. 
-1. I 
-2.25 
.. 
-0.9 
.. 


(VOH' 
13.5 Vdc) 
15 
-3.6 
.. 
-3.0 
-8.8 
.. 
-2.4 
.. 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
.. 
0.44 
0.88 
.. 
0.36 
.. 
mAde 
(VOL' 
0.5 Vdcl 
10 
13 
1.1 
2.25 
.. 
0.9 
.. 


1VOL' 
1.5 Vdcl 
15 
3.6 
.. 
3.0 
8.8 
- 
2.4 
.. 


Input Current 
(AL Device) 
Ion 
15 
.. 
,0 
I 
'0.00001 
'01 
- 
t 1.0 
/JAde 


Input 
Current 
(CLlCP 
Devlcel 
lin 
15 
'03 
- 
'0.00001 
to.3 
.. 
, 1.0 
I.lAdc 


Input Capacitance 
Con 
- 
.. 
.. 
50 
7.5 
.. 
.. 
pF 


(VI" 
01 


Quiescent Current 
IAL DevIce I 
100 
50 
50 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per Packagel 
10 
- 
10 
.. 
0.010 
10 
- 
300 
15 
20 
.. 
0.015 
20 
.. 
600 


OUlescent 
Current 
ICLlCP 
DeVice) 
'DO 
5.0 
.. 
20 
.. 
0.005 
20 
- 
15O 
IJAdc 
(Per Pack~1 
1O 
.. 
40 
.. 
0.010 
40 
.. 
300 
15 
.. 
80 
- 
0.015 
80 
- 
600 
Total 
SupplV Current· 
• t 
IT 
5.0 
IT' 
14.1 
~A/kHl) 
f • 
100 
/JAde 
l[)ynamte 
plus Quiescent, 
1O 
IT = (14 
J,iA/kHz) 
f" 
100 
Per Pack<lgl!)· 
15 
IT' 
(140 
~A/kHll 
f t 100 
(el 
= 50 pF on all outputs. 
all 
buffers 
sWitching) 


3·State OutpUt Leakage Current 
ITL 
18 
- 
,0.4 
- 
I '0.0001 
'0.4 
- 
'12 
/JAde 


·"Iow 
== -SSoC for AL Device. -40oC for CLlCP DeVice. 


l·high '" +.2SoC 
for AL Device. +8SoC for CLlCP 
Device . 


• '.oise 
Immunity 
specified 
for worst·case 
input 
combination. 


NOtseMargin for both " •.• and "0·· level:: 
•. 0 Vdc min@ 
VDO 
:: S.O Vdc 


2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min ~ VOO 
= 15 Vdc 
fTo c.-cul.te 
to,.' 
supply 
current., 
10Mfsother 
th.n 
SO pF: 


ITICLI 
: IT(5O pF) • 1 • 10-3 
ICL -501 VOO' 
where: 
IT rs in ~A (per pak.J. 
CL in pF. VOO in Vdc,..,d 
f in kHzIS input 
frequency. 


--The formuf. 
given ••.• for the typical 
ch.,-:teristics 
only et 2SoC. 


Voo 
Ch.racterilttc 
Symbol 
Vdc 
Min 
Typ 
Mox 
Unit 


Output 
Rise and Fall Time 
'TLH. 
ns 
'TLH. 'THL = 11.35 ns/pF) CL + 33 ns 
'THL 
5.0 
- 
100 
200 
'TLH. 'THL = 10.6 ns/pFI CL + 20 ns 
10 
- 
50 
100 
'TLH. 'THL = 10.4 ns/pFI CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
'PLH.'pHL 
ns 


Clock to Serial out as 
'pLH. 'pHL' 
10.90 ns/pF) CL + 305 "s 
5.0 
- 
350 
600 
'PLH. 'pHL = 10.36 ns/pFI CL + 107 ns 
10 
- 
125 
250 
'pLH. 'pHL = 10.26 ns/pFI CL + 82 ns 
15 
- 
95 
190 
Clock to Serial out a's 
'pLH. 'pHL = 10.90 ns/pFI CL + 350 ns 
5.0 
- 
230 
460 
'pLH. 'pHL' 
10.36 ns/pF) CL + 149 ns 
10 
- 
110 
220 
'PLH. 'PHL = 10.26 ns/pF) CL + 62 ns 
15 
- 
75 
150 


Clock to Parallel out 


'PLH. 'pHL' 
10.90 ns/pF) CL + 375 ns 
5.0 
- 
420 
840 
'PLH. 'PHL' 
10.35 ns/pFI CL + 177 ns 
10 
- 
195 
390 
'PLH. 'pHL' 
10.26 ns/pF) CL + 122 ns 
15 
- 
135 
270 
Strobe to Parallel out 
tPLH. tPHL • 10.90 ns/pF) CL + 245 ns 
5.0 
- 
290 
580 
'PLH. tPHL' 
10.36 ns/pFI CL + 127 ns 
10 
- 
145 
290 
tPLH. tPHL • 10.26 ns/pFI CL + 87 ns 
15 
- 
100 
200 
Output 
Enable to Output 
tpHZ. IPZL = 10.90 nslpF I CL + 95 ns 
5.0 
- 
140 
280 
'pHZ. tpZL • 10.36 ns/pF) CL + 57 ns 
10 
- 
75 
150 
tPHZ. 'PZL = 10.26 ns/pFI CL + 42 os 
15 
- 
55 
110 
tpLZ. 'PZH = 10.90 ns/pFI CL + 180 ns 
5.0 
- 
225 
450 
tPLZ. 'PZH = 10.36 ns/pF) CL + 77 ns 
10 
- 
95 
190 
tPLZ. 'PZH = 10.26 ns/pFI CL + 57 ns 
15 
- 
70 
140 


Setup Time 
'su 
ns 
Data in to Clock 
5.0 
125 
60 
- 


10 
55 
30 
- 


15 
35 
20 
- 


Clock Pulse Width, 
High 
'WH 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 


15 
83 
40 
- 


Clock Rise Time 
trlell 
5 
15 
- 
- 
IlS 
10 
5.0 
- 
- 


15 
4.0 
- 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
2.5 
1.25 
MHz 
10 
- 
5.0 
2.5 
15 
- 
6.0 
3.0 


Strobe Pulse Width 
'WL 
5.0 
200 
100 
- 
"s 
10 
80 
40 
- 
15 
70 
35 
- 


For 
For 
'PHZ 
'PLZ 
and 
I and 
tpZH 'PZL 
VSS 
VOO! 


O.E. 
1 k 
Data 


ST 
Output 


Clock 
:J50 pF 


E 


Register Stage' 
jc;:c; - - - - ;':'c; - - - - l 
I 
I 
I 
II 
II 
-- 
I 


....J L__ ::o~_J 


----, 


~~ 
I 


Latch 2 
3-State Buffer 
2 
5 02 


latch 3 
3-State Buffer 3 
6 03 


latch 4 
3·State Buffer 4 
7 04 


latch 5 
3·State Buffer 
5 
14 05 


Latch 6 
3-State Buffer 6 
13 06 


Latch 1 
3-Stete Buffer 7 
12 07 


11 08 


10 
a'S 


Clock 


9 
Os 


3~CIOCk 
Clock 
Clock 


'~S"O'" 
Strobe 
Strobe 


t,5I outputJ 
~ 
Enable 


t. 
u;;1 
(9 Data 
in 


1=1 
o o_s 
~5j-% ---~I 
_ 
F- 
'PL 
_ 
H------f;" 
'PHL 
50% 
50% 
------------------- 
------ 


® MOTOROLA 


The MC14067 and MCl4097 
multiplexers/demultiplexers 
are digitally 
controlled 
transmission gates featuring low ON resistance and very low 
leakage current. 
These devices can be used in either digital or analog 
applications. 
The 
MCl4067 
IS a 16-channel 
multiplexer/demultiplexer 
With an 
mhlblt and four binary control 
mputs A, B, C and O. These control 
Inputs select 1-of-16 channels by turnmg ON the appropriate 
transmiS- 
Sion gate (see MC14067 truth table). 


The MC14097 is a differential 
8-channel 
multiplexer/demultiplexer 
with an mhibit and three binary control inputs A, Band C. These control 
mputs select 1 of 8 pairs of channels by turning 
ON the appropriate 


transmission gates (see MC14OO7truth table). 


• 
Low ON Resistance: 80 II @ VOO - 
VSS = 15 V 


• 
Low OFF Leakage Current 


• 
Matched Channel Resistance 


• 
Low Quiescent Power Consumption 


• 
Low Crosstalk Between Channels 


• 
Wide Operaling Voltage Range: 3 to 18 V 


• 
Transmits 
Frequencies Up to 65 MHz @1O V 


• 
Low Noise 


• 
Pin for Pin Replacement for C04067B and C04OO7B 


CMOS 


(LOW-POWER COMPLEMENTARY MaS) 


ANALOG 
MUL TIPLEXERS/ 


DEMULTIPLEXERS 


E 
L SUFFIX 
24 


CERAMIC 
PACKAGE 


CASE 
623 


~ 


SUAPCffl~;;;'~~:k~k;;e 


Extended Operating 
Temperature 
Range 
limited 
Operating 
Temperature 
Range 


PIN ASSIGNMENTS 


MC14067B 
MC14097B 


x OUT tiN 
VOO 
X OUT fiN 
voo 


X7 
x8 
X7 
YO 


X6 
)(9 
X6 
Yl 


X5 
X1D 
X5 
YZ 


X4 
X11 
X. 
Y3 


X3 
X'Z 
X3 
Y4 


x2 
X13 
X2 
Y5 


X, 
X'4 
Xl 
YOUT/IN 


XD 
X,5 
XD 
Y6 


A 
INHIBIT 
A 
Y7 


vss 
a 
vss 
INHIBIT 


® MOTOROLA 


EI 


The MC14099B and MC14599B are B-bit addressable latches_ 


Data is entered 
in serial form when 
the appropriate 
latch 
is addressed 


(via address pins AO. AI. 
A2l and write disable is in the low state. 


Chip enable must be high for writing 
into 
MC14599B. For the 
MC14599B the data pin is a bidirectional 
data port and for the 
MC14099B the input is a unidirectional write only port. The Write/ 
Read line controls this port in the MC14599B. 


The data is presented in 
parallel at the output 
of the eight 
latches independently 
of 
the state of Write Disable, Write/Read 
or Chip Enable. 


A Master Resetcapability is available on both parts. 


• 
Serial Data Input 


• 
Parallel Output 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Master Reset 


• 
Noise Immunity 
- 45% of VDD typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capableof Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads over the Rated 
Temperature 
Range 


• 
MC14099B pin for pin compatible with CD4099B 


• 
Pin for pin compatible with Fairchild 4724. 


Rating 
Svmbol 
Value 
Unit 


DC Supplv 
Voltage 
VDD 
-05 
to +18 
Vdc 


InpUT Voltdge. 
All 
Inputs 
Von 
-05 
to Voa 
+ 05 
Vdc 


DC Current 
DidIO per PIn 
I 
10 
mAde 


Operatmg 
Temperature 
Range 
AL 
DeVice 
TA 
·55 to 
+ 1'25 
°c 


CL 'CP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
T st9 
-65 to +150 
°c 


MC14099B 
MC14599B 


Cn,f' E••••bl. 
. 
" 
. 
W."./R 
•• <l 
. 


00 
W",.O,wbl. 
00 
'0 
0' 
" 
0' 
n 
0' 
" 
0' 
" 
.. 


" 


0' 
.. 
0' 
.. 
o. 
,. o. 


0' 
0' 
.. o. 
o. 


• 0' 


"00.16 
"5S' 
9 
V" . 
PIN ASSIGNMENT 
PIN ASSIGNMENT 


MC14099B 
MC14599B 


L SUFFIX 
P SUFFIX 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
620 
CASe 
648 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
726 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
707 


." .. '"' 11SUffiX 
O.no' •• 


L 
Ceramic 
Package 


P 
PI •• tic Package 
A 
Extended 
Oparating 
Tamper.ture 
R.nge 
e 
Limited Oper.ting 
Temper.ture 
R.nge 


This device contains circuitry 
to protect 
the inputs against damagedue to high Itatic 
voltages or electric fields; hOlAever. it 
is 
advised that normal precautions be taken 
to avoid application of anv voltage higher 
than maximum rated VOltagesto this high 
impedance circuit. For proper aperattan it 
is recommended that 
Vin 
and Vout 
be 
constrained to 
the range VSS <: (Vin or 
Vou,t •• VOO' 
Unused inputs must always be tied to en 
appropriate logic volt. 
level (•.g.• tither 
Vssor 
VOOI. 


Voo 
Tlow " 
25°C 
Thillh" 
Chlirecteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin· 
VOO orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vi" -0 
orVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
Input Voltage# 
"0" 
Level 
VIL 
Vde 
(VO· 
4.5 or 0.5 Vde) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO· 
9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO· 
13.5 or 1.5 Vde) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" 
Level 
VIH 
Vde 
(VO • 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO· 
1.0 or 9.0 Vde) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO· 
1.5 or 13.5 Vde) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(Al 
Device) 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH - 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH· 
13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vde) 
10 
1.6 
- 
i.3 
2.25 
- 
0.9 
- 


(VOL - 1.5 Vde) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH • 2.5 Vde) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH ·9.5 
Vde) 
10 
-1.3 
- 
-'-'1 
-2.25 
- 
-0.9 
- 
(VOH - 13.5 Vde) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL· 
0.4 Vde) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL· 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL· 
1.5 Vde) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 
Input Current (AL Device) 
'in 
15 
- 
'0.1 
- 
'0.00001 
'0.1 
- 
'1.0 
,.Adc 


Input 
Current 
(Cl/CP 
Device) 
lin 
15 
- 
'0.3 
- 
'0.ססOO1 
'0.3 
- 
'1.0 
,.Adc 


Input 
Capacitance 
tin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin·O) 


Input 
Capacitance 
tin 
- 
- 
- 
- 
15.0 
22.5 
- 
- 
pF 
MC145998-0ata 
(pin 3) 
(Vin·O) 


Quiescent 
Current 
(A l Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,.\lIde 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CL/CP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,.Adc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0,015 
80 
- 
600 


Total Supply Current··t 
IT 
5.0 
IT· 
11.5 ,.A/kHz) 
I + 100 
,.Ade 
Dynamic plus Quiescent, 
10 
IT· 
(3.0 ,.A/kHz) 
1+ 100 
Per Package) 
15 
IT· 
(4.5 ,.A/kHz) 
1+ 100 
(CL - 50 pF on all outputs, 
all buffers switching) 


-Tlow· 
-55°C for AL Device, -40°C for CLlCP Device. 


Thigh - +1250C 
lor AL Device, +850C 
lor CL/CP 
Device. 


#Noise immunity 
specified for worst~se 
input combination. 
Noise Margin for both "1" 
and "0" 
level - 


1.0 Vde min " 
VOO • 5.0 Vdc 
2.0 Vde min" 
VOO • 10 Vde 
2.5 Vde min" 
VOO - 15 Vde 


IT (CL) - IT (50 pFI + 4 x 10-3 
(CL -501 
VOOI 


where: 
IT is in AA (per package), 
CL in pF, VOO in Vde, and I in 
kHz is input frequency. 


- -The 
formulas given are for the typical 
charecteristict: only 
at 
25°C. 


II 


VDD 
Ch.r.ct.rlltlc 
Symbol 
Vd. 
Mln 
Typ 
M•• 
Unit 


Output 
Rile 
and 
Fall Time 
tTLH. 
n. 
tTLH.tTHL 
= (1.35n./pFI 
CL +32", 
tTHL 
5.0 
- 
100 
200 
tTLH. tTHL = (0.6 n./pF) CL +20 n. 
10 
- 
50 
100 
tTLH. tTHL = 10.4n./pF) CL +20 n. 
15 
- 
40 
80 


Propagation Delay Time 
tpHL. 
n. 
Data to Output 
tpLH 
5.0 
- 
200 
400 
10 
- 
75 
150 
15 
- 
50 
100 


Write 
Disable 
to Output 
5.0 
- 
200 
400 
n. 
10 
- 
80 
180 
15 
- 
60 
120 


Reset 
to Output 
! 
5.0 
- 
175 
350 
n. 
10 
- 
80 
160 
15 
- 
65 
130 


Address 
to Output 
} 
5.0 
- 
225 
460 
n. 


CE to Output IMC14599B only) 
10 
- 
100 
200 
15 
- 
75 
160 


Propagation 
Delay 
Time, 
MC145998 
only 
tpHL. 
n. 
Chip Eneble. Write/Aeed to Dete 
tPLH 
5.0 
- 
200 
400 
10 
- 
80 
160 
15 
- 
65 
130 
Address to Oats 
5.0 
- 
200 
400 
n. 
10 
- 
90 
180 
15 
- 
75 
150 


Pulse Widths 
tWH. 
n. 
Data 
twL 
5.0 
200 
100 
- 
10 
100 
50 
- 
15 
80 
40 
- 


Address 
5.0 
400 
200 
- 
n. 


10 
200 
100 
- 
15 
125 
65 
- 
Reset 
5.0 
150 
75 
- 
n. 
10 
75 
40 
- 
15 
50 
25 
- 


Write 
Disable 
5.0 
320 
160 
- 
n. 
10 
160 
80 
- 
15 
120 
60 
- 


Set 
Up Time 
Iou 
n. 
Oat8 
6.0 
100 
50 
- 
10 
50 
26 
- 
15 
35 
20 
- 


Hold Time 
th 
n. 
Data 
6.0 
150 
75 
- 
10 
75 
40 
- 
16 
50 
25 
- 


r------------ 
--, 
I 
I 
I 
I 
I 
I 
I 
_____________ 
.J 


10 
01 


II 
02 


18 as 


1 01 


Writ. 
Addr_1Id 
Un.ddr~ 
Dillbl. 
R_l 
L.tch 
Lltch 
0 
0 
Oet. 
a 
" 
n 
0 
I 
Oet. 
RII.iT 
I 
0 
an 
an" 
I 
I 
R ••• t 
R •• ,t 


II 


---------, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Eech 
Letch 
I 
_____ 
...J 


To 
Other 


Latch •• 


Chip 
Write 
Add_ 
Other 
0.•• 
Eneble 
Write/RNd 
DiAble 
R_ 
Letch 
l.tches 
Pin 
0 
X 
X 
0 
· 
· 
Z 


1 
1 
0 
0 
o.te 
· 
Input 


1 
1 
1 
0 
· 
· 
Z 


1 
0 
X 
0 
· 
· 
an 
X 
X 
X 
1 
0 
0 
Z/O 
x • Don't cere. 
• 
• No change 
in .tate 
of 'etch. 


Z 
• High impedllnce. 


an • Stat. of eddrnsed letch. 


WI;; 


CE 


O.,.~~ 
Ei' 
__ 
:j'PLHF- 


A2, Al.AO 
\ 


II 
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[Product 
Previe,,", 
------- 


II 


HEX SCHMITT 
TRIGGER 


The MC141 06B hex Schmitt Trigger is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. 
These devices find primary use where low 
power 
dissipation 
and/or 
high 
noise immunity 
is desired. The 
MC14106B 
may be used in place of the MC14069UB 
hex in- 
verter for enhanced noise immunity 
or to "square 
up" 
slowly 
changing waveforms. 


• 
Increased Hysteresis Voltage 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two low-Power 
TTl loads. One low-Power 
Schottky TTl load or Two HTl loads Over the RatedTemperature 
Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD401 06B and MM74C14 


• 
Can Be Used to Replace MC 14069UB 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-05to+18 
Vdc 


Inp.Jt Voltage, 
All 
Inputs 
V,n 
-05 
to VOO + 05 
Vdc 


DC Current 
o'alO per Pm 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL 
DeVIce 
TA 
-55 to +125 
°c 


CLlCP 
DeVice 
-40 
to 
+85 


Sto'dge 
Temperature 
Rdnge 
TS19 
-65 
to +150 
°c 


[ 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to high 


static 
voltages 
or electric 
fields; 
however, 
it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that 
Vin 
and 
Vout 
be constrained 
to the range VSS'" 
(Vin or Vout) 
'Ii;; VOO' 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic 
voltage 
level 
(e.g., 


either 
VSS or VOOI. 


HEX 
SCHMITT 
TRIGGER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB 
1SUfti. 
Denote, 


~ 


L 
C•• am,c 
Peckage 
P 
Plastic Package 


A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


'-{)o-2 


3-[>0-. 


"-[>0-" 


9-[>0-8 


11-[>0-10 


13-{)o-12 


® MOTOROLA 


SYNCHRONOUSPROGRAMMABLE~BIT 
COUNTERS 


The MC14160B - MC14163B 
are synchronous 
programmable 
counters 
constructed 
with 
complementary 
MaS 
P·Channel and 
N·Channel enhancement mode devices in a single monolithic 
struc· 


ture. These counters are functionally 
equivalent to the 74160- 
74163 TTL counters. 


Two 
are 
synchronous 
programmable 
decade counters 
with 
asynchronous and synchronous clear inputs respectively (MC14160B, 
MC14162B. 
The other two 
are synchronous programmable 4·bit 
binary 
counters 
with 
the 
asynchronous and synchronous clear 
respectively (MC14161 B. MC14163Bl. 


• 
Internal Look·Ahead for Fast Counting 
• 
Carry Output for N·Bit Cascading 
• 
Synchronously Programmable 
• 
Synchronous Counting 
• 
Load Control Line 


• 
Synchronous or Asynchronous Clear 
• 
Positive EdgeClocked 


MAXIMUM 
RATINGS 
(Voltages referenced to VSS. Pin 81. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vi" 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature 
Range - AL Device 
TA 
-55 to +125 
°c 


CLlep 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


This device 
contains 
circuitry 
to 
protect 
the inputs 
against 
damage 
due to htgh 
static voltages or electric fields; however. it is advised that normal precautions be 
taken to lvoid 
application 
of any voltage higher than maximum 
rated voltages to 
this high-impedance circuit. 
For proper operation 
it is recommended 
that 
Vi" 
and Vout 
be constrained to 
the range VSS c; (Vi" 
or Vout) < VOD. 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either 
V SS or V DDI. 


MC14160B 
DECADE 
COUNTER 
with 
Asynchronous 
Clear 


MC14161B 


4·BIT 
BINARY 
COUNTER 
with 
Asynchronous 
Clear 


MC14162B 


DECADE 
COUNTER 
with Synchronous 
Clear 


MC14163B 


4·BIT 
BINARY 
COUNTER 
with Synchronous 
Clear 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


."b..,r '"~cff;' 
t= 
Ceramic 
Package 
Pla,tic 
Package 


Extendad 
Operating 
Temperature 
Range 


Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


PE 
01 
14 


10 
TE 


Clear 
02 
13 


9 
co;a 


Clock 
03 
12 


3 
P1 
• 
P2 
o. 
11 


P3 


6 
P. 
Carry 
15 
Out 


Voo - Pin 16 


VSS - 
Pin 8 


II 


Voo 
T10w 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
Max 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
-- 
0.05 
.. 
a 
0.05 
.. 
0.05 
Vdc 


V,n 
Voo 
or a 
10 
.. 
0.05 
.. 
a 
0.05 
_. 
0.05 


15 
.. 
0.05 
-- 
a 
0.05 
.. 
0.05 


"'" 
Level 
VOH 
50 
4.95 
.. 
4.95 
5.0 
.. 
4.95 
.. 
Vdc 
V,n 
a or Voo 
10 
9.95 
.. 
9.95 
10 
.. 
9.95 
.. 


15 
14.95 
.. 
14.95 
15 
.. 
14.95 
.. 


Input Voltage 
"0" Level 
Vil 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
15 
2.25 
1.5 
.. 
1.5 


(Va 
9.0 or 1.0 Vdcl 
10 
3.0 
.. 
4.50 
3.0 
.. 
3.0 


(Va· 
13.5 o. 1.5 Vdcl 
15 
.. 
4.0 
6.75 
4.0 
.. 
40 


"'" 
Level 
VIH 


(VO 
0.5 or 4.5 Vdcl 
5.0 
35 
35 
2.75 
.. 
3.5 
.. 
Vdc 


lVO' 
'.0 or 9.0 Vdc) 
10 
70 
70 
5.50 
.. 
7.0 
.. 


(Va 
= 1 5 or 13.5 Vdcl 
15 
110 
.. 
11.0 
8.25 
.. 
11.0 
.. 


Output 
Drive Current 
tAL 
Devlcel 
IOH 
mAde 


1VOH - 2.5 Vdcl 
Source 
50 
-3.0 
.. 
-2.4 
-4.2 
.. 
-1.7 
.. 


1VOH ' 4.6 Vdcl 
5.0 
-0.64 
_. 
-0.51 
-0.88 
.. 
-0.36 
.. 


1VOH : 9.5 Vdcl 
10 
-1.6 
.. 
-1.3 
-2.25 
-- 
-0.9 
.. 


IVOH 
= 13.5 Vdcl 
15 
-4.2 
.. 
-3.4 
-8.8 
.. 
-2.4 
.. 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
-- 
0.51 
0.88 
.. 
0.36 
.. 
mAde 


1VOl 
= 0.5 Vdcl 
10 
1.6 
.. 
13 
2.25 
.. 
0.9 
.. 


(VOL' 
1.5 Vdcl 
15 
4.2 
-- 
34 
8.8 
.. 
2.4 
.. 


Output 
Orlve Current 
ICLlCP 
Devlcel 
'OH 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
.. 
-2.1 
-4.2 
.. 
-1.7 
.. 


1VOH : 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
.. 
-0.36 
.. 


1VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
.. 
-0.9 
.. 


1VOH • 13.5 Vdcl 
15 
-3.6 
.. 
-3.0 
-8.8 
.. 
-2.4 
.. 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
50 
0.52 
.. 
0.44 
0.88 
.. 
0.36 
.. 
mAde 


(VOL' 
0.5 Vdcl 
10 
13 
1.1 
2.25 
-- 
0.9 
.. 


(VOL: 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
.. 
2.4 
.. 


Input 
Current 
IAL DeVice) 
lin 
15 
.. 
'0 
1 
- 
'0.00001 
,0 
1 
.. 
, 1.0 
JlAdc 


Input 
Current 
(CL/CP 
DeVice) 
lin 
15 
'03 
- 
'000001 
to.3 
.. 
! 1.0 
IJ.Adc 


Input Capacitance 
Cin 
.. 
.. 
50 
7.5 
.. 
.. 
pF 


IV,n' 
01 


QUiescent Current 
lAL 
DeVice) 
100 
5.0 
.. 
50 
.. 
0.005 
50 
.. 
150 
,..Adc 


(Per 
Package 
I 
10 
10 
- 
0.Q10 
10 
- 
300 
15 
20 
0.015 
20 
- 
600 


QUiescent Current 
{CLlCP 
Oev'cel 
'DO 
5.0 
.. 
20 
.. 
0.005 
20 
.. 
150 
jJ.Adc 


(Per 
Package 
I 
10 
.. 
40 
.. 
0.010 
40 
.. 
300 


15 
.. 
80 
- 
0.015 
80 
.. 
600 
Total Supply Current··t 
IT 
5.0 
IT 
(0.56 "A/kHz 
I f + 100 
IJAdc 


(Dynamic 
plus Ouiescent, 
10 
IT = (1.1 
J.JA/kHzl 
t t 
100 
Per Pxkagel 
15 
IT 
= (1.9 
IJA/kHzl 
t 
t 
100 
(CL - 50 pF on all outputs. all 
buffers SWitching) 


-Tlow 
= -55°C 
for AL DeVice. -40oC 
for CLlCP 
Device. 


Thigh 
= +12S0C 
for AL Device. +8SoC for CLlCP 
Device . 


.r.Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" level 
z: 1.0 Vdc min@ 
VOO 
=' 5.0 Vdc 


2.0 Vdc mrn@ Voo 
= 10 Vdc 
2.5 Vdc min@ Voo 
: 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


IT'CLI 
= IT(SO pFI + 1 • 10-3 (Cl 
-SOl VoO' 
where: IT is in IJ.A~perpack~). 
CL in pF. VOO 
in Vdc. and f in kHz is input freQuency. 


- "The formulas given are for the tYpical Characteristics only at 25°C. 


PIN ASSIGNMENT 


16 


2 
15 


3 
1. 
• 
13 


5 
12 


6 
11 


10 


8 
9 


Voo 
Characteristic 
Symbol 
Vde 
Min 
Typ 
Ma~ 
Unit 


Output 
Rise Time 
'TLH 
ns 


'TLH 
• 11.35 ns/pFI CL + 33 ns 
5.0 
- 
100 
200 


'TLH 
= (0.6 ns/pFl CL + 20 ns 
10 
- 
50 
100 


'TLH 
= (0.4 ns/pF I CL + 20 ns 
15 
- 
40 
80 


Output 
Fall Time 
'THL 
ns 


'THL 
= 11.35 ns/pFI CL + 33 ns 
5.0 
- 
100 
200 


'THL 
= 10.6 ns/pFl CL + 20 ns 
10 
- 
50 
100 


tTHL 
= 10.4 nslpFI CL + 20 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 


tPHL 
Clock to 0 
tPLH. tPHL • 10.90 ns/pF) 
CL + 305 ns 
5.0 
- 
350 
700 


tPLH. tPHL' 
10.36 ns/pFl 
CL + 132 ns 
10 
- 
150 
300 


tPLH. tPHL 
= 10.26 ns/pFI 
CL + 87 ns 
15 
- 
100 
200 


Clock to Carry Out 


- 


tPLH. tPHL 
= 10.90 nslpFI 
CL + 395 ns 
5.0 
- 
440 
880 


tPLH. tPHL 
= 10.36 nslpFI 
CL + 167 ns 
10 
- 
185 
370 
tPLH. tPHL 
= 10.26 nslpFI 
CL + 112 ns 
15 
- 
125 
250 


TE to Carry Out 
tPLH. tPHL' 
10.90 ns/pF) CL + 255 ns 
5.0 
- 
300 
600 
tPLH. tPHL 
= 10.36 ns/pF) 
CL + 112 ns 
10 
- 
130 
260 
tPLH. tPHL = (0.26 ns/pF) CL + 77 ns 
15 
- 
90 
180 


Cle.r to Q IMC14160B. 
MC14161B onlyl 


tPLH. tPHL • 10.90 ns/pFl 
CL + 110 ns 
5.0 
- 
350 
700 


tPLH. tPHL' 
10.36 ns/pFl 
CL + 37 ns 
10 
- 
150 
300 


tPt..H. tPHL = (0.26 ns/pFI 
CL + 22 ns 
15 
- 
100 
200 


Minimum 
Setup Time 
Data to Clock 
'su 
5.0 
320 
160 
- 
ns 
10 
130 
65 
- 


15 
90 
45 
- 


Load to Clock 
5.0 
600 
300 
- 


10 
260 
130 
- 
15 
180 
90 
- 


Enable to Clock IPE or TE) 
5.0 
420 
210 
-. 


10 
170 
85 
- 


15 
120 
60 
- 


Cle.r to Clock IMC14162B, 
MC14163B onlyl 
5.0 
310 
155 
- 
10 
110 
55 
- 
15 
70 
35 
- 


Clock Pulse Width, 
High 
twH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
70 
36 
- 


Clock Rise Time 
'TLH 
5 
- 
15 
'" 
10 
- 
- 
5 
15 
- 
- 
4 
Clock Pulse Frequency 
fel 
5.0 
- 
2.0 
1.0 
MHz 
10 
- 
5.0 
2.5 
15 
- 
B.O 
4.0 


IJ 


II 


These 
counters 
are 
fully 
programmable; 
that 
is the 
outputs 
may 
be 
preset 
to 
either 
level. 
As presetting 
is 


synchronous, 
settling 
up 
a low 
level 
at 
the 
load 
input 
disables 
the 
counter 
and causes 
the 
outputs 
to agree with 
the setup 
data 
after 
the 
next 
clock 
pulse regardless 
of the 
levels 
of 
the 
enable 
inputs. 
The 
clear 
function 
for 
the 
MC14160B, 
MC14161B 
is asynchronous 
and 
a low level 
at the clear 
input 
sets all four of the flip·flop 
outputs 
low 


regardless 
of the 
levels of the clock, 
load or enable 
inputs. 
The 
clear 
function 
for the MC14162B 
and 
MC14163B 
is 


synchronous 
and 
a low 
level 
at the 
clear 
inputs 
sets 
all 


four 
of 
the 
flip-flop 
outputs 
low 
after 
the 
next 
clock 
pulse, 
regardless 
of 
the 
levels 
of the 
enable 
inputs_ 
This 


synchronous 
c1ea~ allows 
the count 
length 
to be modified 
••asily; 
decoding 
the 
maximum 
count 
desired 
can 
be 


accomplished' 
with 
one 
external 
NAND 
gate. 
The 
gate 
output 
is connected 
to 
the clear 
input 
to synchronously 
clear the counter 
to 0000 
(LLLLI. 


The 
carry 
look-ahead 
circuitry 
provides 
for cascading 
counters 
for 
n-bit 
synchronous 
applications 
without 
additional 
gating. 
Instrumental 
in 
accomplishing 
this 
function 
are two 
count-enable 
inputs 
and a carry 
output. 


Both 
count-enable 
inputs 
(PE, TEl must 
be high to count, 
and 
enable 
input 
TE 
fed 
forward 
to 
enable 
the 
carry 
output. 
The 
carry 
output 
thus 
enabled 
will 
produce 
a 
positive 
output 
pulse 
with 
a 
duration 
approximately 
equal 
to the 
positive 
portion 
of the 01 output. 
This posi- 


tive overflow 
carry 
pulse 
can 
be used to enable 
successive 
cascaded 
stages. 


II 


II 


Sequence illustrated in waveforms: 


1. Clear outputs to zero. 
2. 
Preset to BCD .even. 


3. 
Count 
to eight, 
nine, 
zerO, one, twO, end thr.e. 


••. 
Inhibit 


elM' 
(MC'4160B) -----U 


I 
Cloor (MC'4'62B) -U 


{ 


p,...J 


Oete 
P2...J 


Inputs 
••••• 
•••••• 
P3...J 
P4---------------------------------- 


Clock (MC'4'60BI 


I 
:I 


Enoblo. 
{:: 
iPl-~------------------: 
_ 


Outpu,.{:=~-~~i--H-------~ 
03---I~_----------------- 
I 
I 
I 
: 
: 
Pl----· 
a4 - 
- 
-I 
I 
I 
-------------------- 
I 
I 
I 
C.rrv 
I 
I 
I 
Out 
I 
17 
18 
1 
1 
I- 
n 
~ 
_ 


9 
0 
2 
3 
-I- 


PE 


TE 
'0 


B 


II 


Sequence illustrated 
in waveforms: 


1. Clear outputs to zero. 
2. Preset to binary twelve. 
3. Count to thirt •• n, founeen, fifteen, zero, one, and two, 
4. 
Inhibit 


Ct•• r (MC14161B) 
----_ 
~ 
_ 
U(Asynchronous) 


1 


Cr •• r (MC14163B) 
----, 
: I 
~(SynChrOnOUS) 


Load -----~U 


PE 


Enable. 
{ 
TE 


1 


1 
t 
I 
I 
: 
:, 


1 
1 
1 
1 
1 
1 
--J 
1 


I 
1 


I 
I 


I 
I 
I 
I 
_,---.J 


1 
I 
1 
I 
__ ,--.J 


1 
I 


1 
I 


t 
I 


I 
112 
I I 


I: 


1 
I 
I 
I 


1 


1 


I 
I 
I 


21 
·1 .. 
n 
15 
0 
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The 
MC14174B 
hex type 
0 
flip·flop 
is constructed 
with 
MOS p. 
channel 
and N·channel 
enhancement 
mode devices 
in a single mono- 


lithic 
structure. 
Data 
on 
the 
0 
inputs 
which 
meets 
the 
setup 
time 
requirements 
is transferred 
to'lhe 
Q outputs 
on the positive 
edge of 
the 
clock 
pulse. 
All six flip·flops 
share 
common 
clock 
and reset 
in· 


puts. 
The reset 
is active 
low, and independent 
of the clock. 


• 
Static 
Operation 


• 
All Inputs 
and Outputs 
Buffered 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typical 


• 
Output 
Compatible 
with 
Two 
HTL 
Loads, 
Two 
Low·Power 
TTL 
Loads or One Low·Power 
Schottky 
TTL 
Load 


• 
Functional 
Equivalent 
to TTL 74174 


Reting 
Symbol 
V.lue 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage, 
All Inpuu 
Vi" 
~.5 
to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL DeVice 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


INPUTS 
OUTPUT 


Clock 
Oat • 
"""' 


Q 
....r 
0 
1 
0 
...r- 
1 
1 
1 
'"'- 


X 
1 
Q 


X 
X 
0 
0 


Thl. device cont.ln, 
circuitry to protect ttle 
Input. -ealnst 
damage 
due 
to high atetlc 
volt-vn 
or electric f •• ld.; howev••.. It I. eel· 


vi'" 
met 
normel 
preceutlon, be teken to 


.-voId 
appUcetion 
of 
any 
yolt8ge 
high ••. then 
m.xlmum 
r.ted 
yoltages 
to thl, 
high Im- 


pedance 
clrcult. 
For prop., 
operation 
It 
I, 


recommended 
thet 
V In 
end 
Vout 
be con· 
atr.lned 
to 
the 
range Vss 
0(, 
(VI" 
or Vout) 
",vOO' 
Unuted lnputt mult always be tied to an 
appropriate 
logic 
yott8ge 
level 
(e.g .• either 
Vss 
or VOO). 


Jlfffffhu ,._ 
II 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


8LOCK 
DIAGRAM 


00 


01 
3 
02 


6 
03 
10 
11 
04 
12 


14 
01> 
1~ 


VOO· 
Pin 16 
VSS· 
Pin 8 


II 


Voo 
Tlow· 
25°C 
Thigh • 


Ch.fect.,istic 
Symbol 
Vd. 
Min 
Mox 
Min 
Typ 
Mox 
Min 
MIX 
Unit 


Output 
Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vd. 


Vin=VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi"= 
oor VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input VOltage# 
"0" Level 
VIL 
Vdc 
(Va = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.5 0".5 
Vdc) 
15 
- 
4.0 
.- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(Va - 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
evo = 1.00,9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 15 0' 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Devicel 
10H 
mAde 
(VOH - 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.1 
- 


(VOH =4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH -13.5 
Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP Device I 
10H 
mAde 


eVOH - 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH -4.6 
Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


eVOH-9.5Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH - 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL =0.4 
Vdc) 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL -1.5 
Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL Oevtee) 
lin 
15 
- 
'0.1 
- 
'0.00001 
'01 
- 
:t:l.0 
,uAdc 


Input 
Current 
(eLlep 
Device) 
'in 
15 
- 
, 0.3 
- 
t 0.סס OO 1 
'0.3 
- 
:I: 1.0 
.uAdc 


Input 
Capacitance 
C,n 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


IVin' 
01 


Quiescent Current 
tAL 
DeVIce) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
""Adc 
(Per Pack_I 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0,015 
20 
- 
600 


QUiescent Current 
fCLlCP 
Delltee) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0,015 
80 
- 
600 
Total Supply Current"" 
f 
IT 
5.0 
IT - 11.1 ~AlkHll 
f + 'DO 
""Adc 
fOyn."ic 
plus Quiescent. 
10 
IT • 12.3 ~A/kHll 
f + 100 
Per PKkage) 
15 
IT - (3.7 ~AlkHll 
f + 'DO 
tel· 
50pFon all outputs, 
all 
buffers switching) 


"T.ow - -5SoC for AL Devtee, ~OoC for CLlCP Device. 
Thigh- 
+125OC 1o, AL De.ice, 
+850C 1o, CL/CP O•• ice. 


;'Noi •• immunity 
specified for worst·case input combination. 


Noise Margin for both "1" and "O"level 
- 1.0 Vdc min@VOD 
- 5.0 Vdc 
2.0 Vdc min @ VOO 
- 10 Vdc 
2.5 Vdc min@ 
VOO 
-15 
Vdc 
tTo cak:ula•• total.upply 
current at loads other than 50 pF: 


IT(Cl' 
• IT(SO pFI + 3 x 10-3 
(CL -SOl VOO' 
where: IT ts in IIA (per package), CL in pF, Vob in Vdc, and f in kHz is input frequency. 


--The ffMmul. 
given ••.• for the typical char.cteristics 
only at 25°C. 


Voo 
All Ty••• 
Che_1Il1c 
Symbol 
Vd. 
Mln 
Typ 
Mo. 
Unh 


Oulpul AI•• end Fell Tlmo 
tTLH. tTHL 
nl 


ITLH. tTHL 
• (1.36 nl/pF) CL +32 nl 
6.0 
- 
100 
200 


ITLH. tTHL • 10.6 nl/pF) CL + 20 nl 
10 
- 
60 
100 
tTLH. tTHL • fO.4 nl/pF) CL + 20 nl 
16 
- 
40 
60 
Propagation Oeley Time - Clock 10 a 
IpLH. 
nl 


IPLH.IPHL· 
to.9 nl/pFI CL + 166 nl 
tPHL 
6.0 
- 
210 
400 
IPLH. IPHL • 10.36 nl/pFI CL + 64 nl 
10 
- 
86 
160 


IPLH. tPHL • 10.26 nl/pF) CL + 52 nl 
15 
- 
65 
120 


Pro_etlon 
Oelay Time 
Aelelto a 
IpHL 
no 


tPHL' 
(0.9 nl/pFI CL + 205 nl 
5.0 
- 
260 
600 
tpH L • to.38 nl/pF I CL + 79 no 
10 
- 
100 
200 


IPH L • 10.26 nl/pF I CL + 62 nl 
16 
- 
76 
160 


Clock Pulse Width 
twH 
5.0 
160 
76 
- 
nl 
10 
90 
46 
- 
16 
70 
36 
- 


Riii8t Pul•• Width 
twL 
5.0 
200 
100 
- 
nl 
10 
100 
60 
- 
16 
60 
40 
- 


Clock 
PUIM Frequency 
Icl 
6.0 
- 
7.0 
2.0 
MHz 
10 
- 
12.0 
6.0 
16 
- 
15.6 
6.6 
Clock Pul•• AI•• end Fell Time 
ITLH. tTHL 
5.0 
-. 
- 
15 
'" 
10 
- 
- 
5 


15 
- 
- 
4 


Oat. Setup Time 
IIU 
5.0 
40 
20 
- 
nl 
10 
20 
10 
- 
15 
16 
0 
- 


Oeta 
HateS Time 
Ih 
6.0 
60 
40 
- 
nl 
10 
40 
20 
- 
16 
30 
16 
- 
Reset R.mowl Time·· 
trem 
6.0 
260 
126 
- 
nl 
10 
100 
60 
- 
16 
80 
40 
- 


""'~ 


trem 


50" 


'WL 


® MOTOROLA 


The 
MC14175B 
quad 
type 
D f1ip·f1op is constructed 
with 
MOS p. 
channel 
and N·channel 
enhancement 
mode 
devices 
in a single mono· 
lithic 
structure. 
Each 
of the four 
flip·flops 
is positive·edge 
triggered 
by a common 
clock 
input 
(Cl. An active·low 
reset 
input 
(R) asyn· 


chronously 
resets 
all flip·flops. 
Each 
flip·flop 
has independent 
Data 
(D) 
inputs 
and 
complementary 
outputs 
(Q and 
OJ. These 
devices 
may 
be 
used 
as shift 
register 
elements 
or 
as type 
T flip·flops 
for 
counter 
and toggle applications. 


• 
Complementary 
Outputs 


• 
Static 
Operation 


• 
All Inputs 
and Outputs 
Buffered 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typical 


• 
Output 
Compatible 
with 
Two 
HTL 
Loads, 
Two 
Low·Power 
TTL 
Loads or One 
Low·Power 
Schottky 
TTL 
Load 


• 
Functional 
Equivalent 
to TTL 74175 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VDD + 05 
Vdc 


DC Current 
Drain per Pm 
I 
10 
mAde 


Operating 
Temperature 
Range - 
Al 
Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
~5to 
+150 
°c 


I 
INPUTS 
OUTPUTS 
I 
Clock 
Dati 
IloSiii 
a 
a 
~ 
0 
t 
0 
1 
~ 
1 
1 
1 
0 
'- 


X 
1 
a 
a 
x 
x 
0 
0 
1 


This device eontaln, 
circuitry to protect 
the inputs 
ag8lnlt 
damaQe due to 
high 
Itatlc valleges or electric fields; however. 
It I, edvlNd 
that normal precautions b. 
takan 
to 
avoid 
application 
of 
any 
voltage 
hlgh.r than maximum rated voltages to 
this 
high 
Impedance 
circuit. 
For 
proper 


operation 
It I, recommended 
that 
V in and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
" 
(Vin 
or Vout) 
<: VOO· 


UnuMd 
Inputs 
mUlt 
elweVI 
be tied 
to 
en 
epproprlete 
logic 
yoltege 
le.,.1 
(e.g., 
elth.,. 
VSS or VOO). 


_-_I 
II!I 


- 
16 
'r 
,: 
~ 
'6 
I 


, 
1 
' 


LSUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


PIN ASSIGNMENT 


1 
t6 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


9 


BLOCK DIAGRAM 


9 
Clock 
00 
2 


ROMt 
00 
3 


01 
7 
4 
00 
a, 
6 


01 
02 
10 


02 
11 
'2 
02 
03 
15 


13 
03 
03 
14 


VOO· 
Pin 16 


VSS 
- 
Pin 8 


II 


Voo 
Tlow· 
25°C 
Thi h- 


Ch.racte,istic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
M•• 
Miri 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


VI" =Oor 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage" 
"0" Level 
VIL 
Vdc 
(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO -13.5 
or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
(VO = 0.5 0' 4.5 Vdcl 
5.0- 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO - 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO -1 
50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current tAL 
DeVice) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH : 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH - 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL - 1.5 Vdcl 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output Drive Current lCl/CP 
Device 
I 
'OH 
mAde 
(VOH : 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH : 4.6 Vdcl 
5.0 
-0.52 
- 
-{J.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-{J.9 
- 


(VOH: 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL • 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
IVOL : 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


InpUt Current IAL Device) 
lin 
15 
- 
10.1 
- 
10.00001 
10.1 
- 
11.0 
IolAdc 


Input Current (CLlCP Device) 
lin 
15 
- 
10.3 
- 
10.00001 
1:0.3 
- 
1: 1.0 
/.lAde 


Input Capacitance 
Gin 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


1Vi" '"Q) 


Quiescent Curient 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
jolAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent Current ICLlCP 
Devlcel 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/.lAde 


IPer 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.D15 
80 
- 
600 
"otal 
SupplV 
Current-· 
t 
IT 
5.0 
IT· 
11.7 ~A/kHll 
I + 100 i 
,lJAdc 
(Dynamic plus aui~enl. 
10 
IT - 13.4 ~A/kHll 
f + 100 ' 


Per Package) 
15 
IT = 15.0 ~A/kHll 
f + 100 ' 


(el 
:z 50 pF on all outputs. all 
buffers sWItching) 


-Tlow - _55°C for AL Oevtce. -40oC for CL/CP Device. 


Thigh - +12SoC for AL Device. +8SoC for CL/CP Oevice. 


• Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" level = 1.0 Vdc min@ VOO 
.• 5.0 Vdc 
2.0 Vdc min@ VOO 
-10 
Vdc 
2.5 Vdc min@ VOO 
-15 
Vdc 
tT 0 calculate total supply current at loads other than 50 pF: 


ITCCLI = IT(50pFI 
+4.10-3 
(CL -SOl VOO' 
where: IT is in IJ.A(per p.ckage), CL in pF. VOD in Vdc. and f in kHz is input frequency . 
•• The formula 
giv;n are for the tYpic.' characteristics only at 25°C .. 


Voo 
All Typos 


Char.eteristic 
Symbol 
Vdc 
Min 
Typ 
Me. 
Unit 


Output 
Rise and Fall Time 
tTLH. tTHL 
ns 


tTLH. tTHL 
• 11.35 ns/pFI CL + 32 ns 
5.0 
- 
100 
200 
tTLH. tTHL 
= 10.6 ns/pFICL + 20 ns 
10 
- 
50 
100 
tTLH. tTHL 
= 10.4 ns/pFI CL + 20 ns 
15 
- 
40 
80 


Propagation Delay Time - 
Clock to Q 
tpLH. 
ns 


tpLH. tpHL = 10.9 ns/pFI CL + 175 ns 
tpHL 
5.0 
- 
220 
400 


tpLH. tpHL = 10.36 ns/pFI CL + 72 ns 
10 
- 
90 
160 


tpLH. tPHL = (0.26 ns/pFI CL + 57 ns 
15 
- 
70 
120 


Propagation 
Delay Time - 
Reiii. to Q 
tpHL 
ns 


tPHL = 10.9 ns/pFI CL + 280 ns 
5.0 
- 
325 
500 


tPHL = 10.36 ns/pFI CL + 112 ns 
10 
- 
130 
200 


tpHL = 10.26 ns/pFI CL + 87 ns 
15 
- 
100 
150 


Clock Pulse Width 
twH 
5.0 
250 
110 
- 
ns 


10 
100 
45 
- 
15 
75 
35 
- 


Reset Pulse Width 
tWL 
5.0 
200 
100 
- 
ns 


10 
80 
40 
- 


15 
60 
30 
- 


Clock Pulse Frequency 
fcl 
5.0 
- 
4.5 
2.0 
MHz 


10 
- 
11 
5.0 
15 
- 
14 
6.5 


Clock Pulse Aise and Fall Time 
tTLH. tTHL 
5.0 
- 
- 
15 
"s 


10 
- 
- 
5 
15 
- 
- 
4 


Data Setup Time 
tsu 
5.0 
120 
60 
- 
ns 


10 
50 
25 
- 
15 
40 
20 
- 


o8ta Hold Time 
th 
5.0 
80 
40 
- 
ns 


10 
40 
20 
- 
15 
30 
15 
- 


Aiiii'R~moVIII Time·· 
trem 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


II 


90% 
50% 
10% 


tTLH 
."C~ 


trem 


50% 


'WL 


® MOTOROLA 


'The MC14194B is a 4·bit static shift register capable of operating 
in the parallel load, serial shift left, serial shift right, or hold mode. 
The asynchronous Reset 
input, when at a low level, overrides all 
other 
inputs, resets all stages, and forces all outputs 
low. When 
Reset is at a logic 1 level, the two mode control inputs, SOand 51, 
control the operating mode as shown in the truth table. Both serial 
and parallel operation are triggered on the positive'going transition 
of the Clock input. The Parallel Data, Data Shift, and mode control 
inputs must be stable for the specified setup and hold times before 
and after the positive·going Clock transition. 


• 
Quiescent Current = 5,0 nA typ/pkg 
@ 5 Vdc 
• 
Typical Shift Frequency = 9.0 MHz @ 10 Vdc 
• 
Synchronous Right/Left 
Serial Operation 
• 
Synchronous Parallel Load 
• 
Asynchronous Hold (Do Nothing) Mode 
• 
Functional Pin for Pin Equivalent of 74194 


INPUTS 
OUTPUTS 


OPERATING 
IRe••, = 1) 
I@tn+ 
,I 


MODE 
S1 
SO 
DSR 
DSL 
DpO·3 
00 
01 
02 
03 


Hold 
0 
0 
x 
x 
X 
00 
01 
02 
03 


1 
0 
X 
0 
X 
01 
02 
03 
0 
Shift 
Left 
1 
0 
X 
1 
X 
01 
02 
03 
1 


0 
1 
0 
X 
X 
0 
00 
01 
02 
Shift 
Right 
0 
1 
1 
X 
X 
1 
00 
01 
02 


Parallel 
1 
1 
X 
X 
0 
0 
0 
0 
0 
l' 
, 
X 
X 
, 
, 
1 
, 
1 


4·BIT BIDIRECTIONAL 
UNIVERSAL 
SHIFT REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASe 
648 


"".m.r,..... 
0_ •••• 
L L 
Ceramic 
Package 
P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


II 


Voo 
Tlow , 
25°C 
ThiGh' 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
-- 
0.05 
-- 
a 
0.05 
- 
0.05 
Vdc 


V,n 
VOO or 0 
10 
-- 
0.05 
-- 
a 
0.05 
-- 
0.05 
15 
-- 
0.05 
-- 
a 
0.05 
-- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
-- 
4.95 
5.0 
-- 
4.95 
-- 
Vdc 
V,n 
o or VOD 
10 
9.95 
-- 
9.95 
10 
-- 
9.95 
-- 


15 
14.95 
-- 
14.95 
15 
-- 
14.95 
-- 


Input 
Voltage!: 
"0" Level 
V'L 
Vdc 
(VO . 4.50' 
0.5 Vdcl 
5.0 
-- 
1.5 
-- 
2.25 
1.5 
-- 
1.5 


(VO 
9.0 or 1.0 Vdd 
10 
-- 
3.0 
- 
4.50 
3.0 
-- 
3.0 


(VO' 
13.5 or 1.5 Vdcl 
15 
-- 
4.0 
-- 
6.75 
4.0 
-- 
4.0 


"1" 
Level 
VIH 
(VO' 
0.5 or 4.5 VdcJ 
5.0 
3.5 
- 
3.5 
2.75 
-- 
3.5 
-- 
Vdc 
(VO' 
1.0 Or 9.0 Vdcl 
10 
7.0 
-- 
7.0 
5.50 
-- 
7.0 
-- 


(VO· 
1 5 or 13.5 VdcJ 
15 
11.0 
-- 
11.0 
8.25 
-- 
11.0 
-- 


Output 
Drive Current 
IAL 
DeVIce) 
'OH 
mAde 


1VOH • 2.5 VdcJ 
Source 
5.0 
-3.0 
-- 
-2.4 
-4.2 
-- 
-1.7 
-- 


(VOH '4.6 
VdcJ 
5.0 
-0.64 
-- 
-0.51 
-0.88 
-- 
-0.36 
-- 


(VOH '9.5 
Vdc) 
10 
-1.6 
-- 
-1.3 
-2.25 
-- 
-0.9 
-- 


(VOH 
= 13.5 VdcJ 
15 
-4.2 
-- 
-3.4 
-8.8 
-- 
-2.4 
.- 


(VOL 
= 0.4 VdcJ 
Sink 
tOL 
5.0 
0.64 
-- 
051 
0.88 
-- 
0.36 
-- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
-- 
1.3 
2.25 
-- 
0.9 
-- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
-- 
3.4 
8.8 
-- 
2.4 
-- 


Output 
Drlve Current 
ICLlCP 
Devlcel 
'OH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
-- 
-2.1 
·4.2 
-- 
-1.7 
-- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
-- 
-0.44 
-0.88 
-- 
-0.36 
-- 


IVOH 
= 9.5 Vdcl 
10 
-1 ;:1 
-- 
-1.1 
-2.25 
-- 
-{l.9 
-- 


(VOH 
= 13.5 Vdcl 
15 
-3.6 
.. 
-3.0 
-8.8 
-- 
-2.4 
-- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
-- 
0.44 
0.88 
-- 
0.36 
-- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
-- 
1.1 
2.25 
-- 
0.9 
-- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
-- 
3.0 
8.8 
- 
2.4 
-- 


Input 
Current 
(AL Devicel 
lin 
15 
-- 
'0.1 
-- 
'000001 
to.l 
- 
, 1.0 
,uAde 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
-- 
, 0.3 
- 
'0.00001 
, 0.3 
-- 
, 1.0 
,uAde 


Input Capacitance 
C,n 
- 
-- 
-- 
50 
12.0 
-- 
-- 
pF 
(Vin '" 01 


QUiescent 
Current 
(AL 
Device) 
'DO 
5.0 
-- 
5.0 
-- 
0.005 
5.0 
-- 
150 
,uAdc 


(Per 
Package 
I 
10 
- 
10 
-- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
'DO 
5.0 
-- 
20 
-- 
0.005 
20 
-- 
150 
jJAdc 


(Per 
Package) 
10 
-- 
40 
-- 
0.010 
40 
-- 
300 
15 
-- 
80 
-- 
0.015 
80 
-- 
600 


Total Supply 
Current-· 
t 
IT 
5.0 
IT· 
(0.95 "A/kHz) 
f + 'DO 
,uAde 


(Dynamic 
plus 
Quiescent, 
10 
IT - 11.9 "A/kHz) 
f + 100 


Per 
Package) 
15 
IT· 
12.9 "A/kHz) 
f + 100 
(el 
"0 50 pF on all OUlputs, all 
buffers switching) 


-Tlow -' -55°C for AL DeVice,-400C for CLlCP Device. 
Thigh = t'2SoC 
for AL Device, +8SoC for CLlCP Device. 


.&:NoiseImmunity 
specified for worst-case input combination. 


NOIseMargIn for both "'" 
and "0" 
level::: 1.0 Vdc min@ VOO 
". 5.0 Vdc 
2.0 Vdc min@ VOO 
; 10 Vdc 
2.5 Vdc min @ VOO 
= 15 Vdc 
fTo calculate total supply current at loads other than 50 pF: 


'T(CLI 
= 'T(50 
pFI • 2 x 10-3 IC_L-SO) VOO' 
where: IT IS in IIA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 


- - The formulas given are for the typical characteristics only at 25°C. 


PIN ASSIGNMENT 


1 
16 


2 
16 


3 
,. 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vde 


Input Voltage, All Inputs 
Vin 
-0.5 to VDD + 0.5 
Vde 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature 
Range - 
AL Device 
TA 
-55'0+125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Voo 
Ch ••.• ct.ristic 
Symbol 
Vde 
Min 
Typ 
Max 
Unit 


Output 
Rise and Fall Time 
tTLH, tTHL 
ns 
tTLH, tTHL 
• (1.35 ns/pF) CL + 32 ns 
5.0 
- 
100 
200 
tTLH, 'THL 
= (0.6 ns/pF) CL + 20 ns 
10 
- 
50 
100 
tTLH, tTHL = (0.4 ns/pF) CL + 20 n. 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH,tpHL 
ns 
Clock to Q 
tPLH.tPHL = (0.9 ns/pF) CL + 230 ns 
5.0 
- 
275 
550 
tPLH,tpHL· 
(0.36 ns/pFI CL + 92 ns 
10 
- 
110 
220 
tPLH,tPHL 
= (0.26 ns/pF) CL + 72 ns 
15 
- 
85 
170 


Reset to Q 
tPHL 
ns 
tpH L = (0.9 ns/pF I CL + 305 ns 
5.0 
- 
350 
700 
tPHL = 10.36 ns/pFI CL + 122 n. 
10 
- 
140 
280 
tpHL = (0.26 ns/pFI CL + 97 ns 
15 
- 
110 
220 


Clock Pulse Width 
tWH 
5.0 
280 
140 
- 
n. 
10 
110 
55 
- 
15 
85 
40 
- 


Reset Pulse Width 
tWH 
5.0 
180 
90 
- 
ns 
10 
70 
35 
- 
15 
50 
26 
- 


Clock Pulse F requencv 
lei 
5.0 
- 
3.6 
1.8 
MHz 
(Shift Right or Left Model 
10 
- 
9.0 
4.5 
15 
- 
12 
6.0 


Clock Pulse Rise and Fall Time 
tTLH,'THL 
5.0 
15 
,.. 


10 
5 
15 
4 


Setup Time 
tsu 
n. 
Data to Clock 
5.0·· 
10 
-8.0 
- 
10 
20 
0 
- 
15 
40 
9,0 
- 
Mode Control (S) to Clock 
5.0 
200 
100 
- 
n. 
10 
75 
36 
- 
15 
55 
27 
- 
Hold Time 
th 
n. 
De•• to Clock 
5.0 
180 
90 
- 
10 
50 
25 
- 
15 
35 
10 
- 
Mode Control (SI to Clock 
5.0 
0 
-40 
- 
n. 
10 
0 
-27 
- 
15 
0 
-20 
- 
R8iei Removal Time·· 
trem 
5.0 
300 
150 
- 
n. 
10 
110 
55 
- 
15 
80 
40 
- 


II 


FIGURE 
1 - 
SWITCHING 
TIME TEST CIRCUITS 
AND WAVEFORMS 
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® MOTOROLA 


The 
MCI4415 
quad 
timer/driver 
is constructed 
with 
comple- 
mentary 
MOS enhancement 
mode 
devices. 
The output 
pulse 
width 
of 
each 
digital 
timer 
is a function 
of the 
input 
clock 
frequency. 
Once 
the 
proper 
input 
sequence 
is detected 
the output 
buffer 
is set 
(turned 
on). 
and 
after 
100 
clock 
pulses 
are counted, 
the 
output 
buffer 
is reset 
(turned 
off). 


The 
MC14415 
was 
designed 
specifically 
for 
application 
in high 
speed 
line 
printers 
to 
provide 
the 
critical 
timing 
of 
the 
hammer 
drivers, 
but 
may 
be used 
in many 
applications 
requiring 
precision 
pulse 
widths. 


• 
Four 
Precision 
Digital Time 
Delays 


• 
Schmitt 
Trigger 
Clock 
Conditioning 


• 
NPN Bipolar 
Output 
Drivers 


• 
Timing 
Disable Capability 
Using 
Inhibit 
Output 


• 
Positive 
or-Negative 
Edge Strobing 
on the Inputs 


• 
Synchronous 
Polynomial 
Counters 
Used for Delay Counting 


• 
Power 
Supply 
Operating 
Range 
= 3.0 Vdc to 18 Vdc (MCI4415EFl/FL/FP) 


= 3.0 Vdc to 6.0 Vdc (MC14415EVLNLNP) 


Reting 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
Vdc 
- 
MC14415EFLlFLlFP 
+18 to -0.5 


- 
MC14415EVLIVLIVP 
+6.0 to -0.5 


Input Voltage, All Inputs 
Vin 
VDD +0.5 to 
Vdc 
VSS -0.5 


DC Current 
Drain per Input Pin 
lin 
10 
mAde 


DC Current Drain per Output Pin 
lout 
20 
mAde 


Operating Temperature 
Range 
TA 
°c 
- 
MC14415EFLlEVL 
-55 to +125 
- 
MCl4415FLlFPIVLlVP 
-40 to +85 


Storage Temperature 
Range 
Tstg 
~5 
to +150 
°c 


Set A 3 


Set B 
4 


Set C 
5 


Set 0 
6 


14 Output 
A 


'3 Output B 


12 Output 
C 


11 Output 
0 


Dlvkt.SV· 


100 
Counter. 


Strobe 2 
9 
strQb;1 
7 


Input 
Olubl. 
10 


OutputSet 
2 


Ctock 


Conditioning 


Circuit 


QUAD PRECISION 
TIMER/DRIVER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASe 
648 


MCl4415 
~~Uff;X 
O.not •• 
L 
C•• 
mic P.ck~ 
p 
Pt •• tic Peckege 
F 
-Extend.:i Operating 
Voltage 
Ranee 
V 
• Limited 
Operating 
Voltage Reng. 
Blan.k 
• ·Standard 
Operating 
Temperatur. 
Range 
E 
•• ElCtended Oper.ting 
Temper.ture 
R.nge 


·S •• Feetur •• lebove, left} 
• ·5 •• MelClmum R.tings 


II 


Voo 
Tiow. 
l50C 
Th· h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
Vout 
5.0 
- 
0.01 
- 
0 
0.01 
- 
0.05 
Vdc 
(No Load) 
10 
- 
0.01 
- 
0 
0.01 
- 
0.05 
15 
- 
- 
- 
- 
- 
- 
- 


"'" 
Level 
5.0 
- 
- 
3.0 
4.14 
- 
- 
- 
Vdc 


10 
- 
- 
8.0 
9.09 
- 
- 
- 


15 
- 
- 
- 
14.12 
- 
- 
- 


Noise Immunity 
VNL 
Vdc 


(6Vou1" 
1.5 Vdcl 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


(6Voul" 
3.0 Vdcl 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


(6Voul" 
4.5 Vdc! 
15 
- 
- 
- 
6.75 
- 
- 
- 


(6Voul" 
1.5 Vdc! 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 


(6VOUI" 
3.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


(o.Vout" 
4.5 Vdc) 
15 
- 
- 
- 
6.75 
- 
- 
- 


Output 
Orive Voltage 
INPN 
Driver) 
VOH 
Vdc 


(I0H' 
OmA) 
Source 
5.0 
- 
- 
3.0 
4.14 
- 
- 
- 


(IOH' 
5.0 mAl 
- 
- 
2.7 
3.44 
- 
- 
- 
(IOH' 
10mA 
- 
- 
2.5 
3.30 
- 
- 
- 


(I0H' 
15 mAl 
- 
- 
2.2 
3.08 
- 
- 
- 


(I0H 
= OmA! 
10 
- 
- 
8.0 
9.09 
- 
- 
- 
Vdc 
(I0H' 
5.0 mAl 
- 
- 
7.7 
8.45 
- 
- 
- 


(I0H' 
10mAl 
- 
- 
7.5 
8.30 
- 
- 
- 


(I0H 
'15mA) 
- 
- 
7.1 
8.14 
- 
- 
- 


(I0H 
= OmA) 
15 
- 
- 
- 
14.12 
- 
- 
- 
Vdc 
(I0H 
= 5.0 mAl 
- 
- 
- 
13.81 
- 
- 
- 


(I0H'10mA! 
- 
- 
- 
l:pO 
- 
- 
- 


(I0H'15mAI 
- 
- 
- 
13.61 
- 
- 
- 


Output 
Drive Current 
IOL 
mAde 
(VOL = 0.4 Vdcl 
Sink 
5.0 
0.23 
- 
0.20 
0.78 
- 
0.16 
- 


(VOL' 
0.5 Vdc! 
10 
0.60 
- 
0.50 
2.0 
- 
0.40 
- 


(VOL' 
1.5 Vdcl 
15 
- 
- 
- 
7.8 
- 
- 
- 


I nput leakage 
Current 
lin 
- 
- 
- 
10 
pAdc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 


(Vin·Ol 


Quiescent Dissipation 
Po 
mW 
5.0 
- 
0.25 
- 
0.סס OO5 
0.25 
- 
3.5 


10 
- 
1.0 
- 
0.00022 
1.0 
- 
14 
15 
- 
- 
- 
0.00050 
- 
- 
- 


Power Dissipation·· 
Po 
mW 
(Oynanic plus Quiescent) 


ICL• 
15 pFl 
5.0 
Po = (56 mW/MHzI I + Po 
10 
PO' 
1225 mW/MHzI I + Po 
15 
Po • 1510 mW/MHzI I + Po 


>Tlow' 
-55°C for MCl4415EFL. 
EVL; -4fPc 
for MCl4415FL.FP.VL.VP 
Thigh= +l25oC 
for MCl4415EFL.EVL; 
+850C lor MC14415FL.FP.VL.VP 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; 


however. 
it isMtvited 
that normat preceutions be taken to avoid applicetion 
of any voltage higher than maximum 


reted 
voltages, to this high impedance 
circuit. 
For 
proper operation 
it is recommended 
that Vi" 
and Vout 
be 


constnlined 
to the renge Vss <; (Vin or Vout) 
<; VOO' 


Unu~d inputs must 8hwys be tied to an 8ppropri8'te logic voltage level (e.g., either Vss or VeeL 


Charaetertltic 
Symbol 
VOO 
Mln 
Typ 
Mo. 
Unit 
Vdc 


Output Aise Time· 
tTLH 
n. 


tTLH: 
12.0 n./pF) 
CL + 10 n. 
5.0 
- 
40 
85 
tTLH' 
11.25 n./pF) 
CL + 6 n. 
10 
- 
25 
60 
'TLH' 
11.10 n./pFI 
CL + 3 n. 
15 
- 
20 
- 


Output Fall Time· 
'THL 
n. 


'THL 
= It.5 n./pF I CL + 47 ns 
5.0 
- 
70 
t50 


'THL' 
10.75 n./pFI 
CL + 24 ns 
10 
- 
35 
80 
tTHL' 
10.55 ns/pF) 
CL + 17 n, 
15 
- 
25 
- 


Turn-Off Delay Time· 
tpLH 
n. 
tPLH' 
12.7 n./pFI 
CL + 560 ns 
5.0 
- 
600 
1200 
tpHL = 11.2 ns/pF) 
CL + 282 ns 
10 
- 
300 
800 
tpLH' 
10.91 n./pFI 
CL + 286 n. 
15 
- 
150 
- 


Turn-On Delay Time- 
tpHL 
n. 
'pHL 
= 12.4 n,/pFI 
CL + 564 n, 
5.0 
- 
600 
1200 
'PHL = 11.0 n./pF) 
CL + 285 n' 
10 
- 
300 
600 
tpHL' 
10.75 n./pFI 
CL + 289 n. 
15 
- 
150 
- 


Turn-On Delay Time flnhibit to Output) 
'pHL 
n. 
5.0 
- 
300 
550 
10 
- 
225 
425 
15 
- 
110 
- 


Turn-Off 
Oeley Time (Inhibit 
to OUlpull 
'pLH 
n. 
5.0 
- 
300 
550 
10 
- 
225 
425 
15 
- 
110 
- 


Input Pulse Coincidence (Figure Jl 
Pemin 
n. 
5.0 
500 
450 
- 
10 
450 
350 
- 
15 
- 
- 
- 


Input PulseWidth (Figure 1) 
'WH 
n. 
5.0 
500 
450 
- 
10 
450 
350 
- 
15 
- 
- 
- 


Input Clock Frequency 
lei 
MHz 
5.0 
- 
0.7 
- 
10 
- 
1.0 
.- 


15 
- 
1.5 
- 


Clock Input Aise and Fall Times (Figure H 
'TLH, 
'THL 
5.0 
- 
- 
15 
It. 
10 
- 
- 
5.0 


15 
- 
- 
4.0 


I 
I 
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14 
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13 
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® MOTOROLA 


The 
MC14419 
is designed 
for 
phone 
dialer 
system 
applications, 
but 
finds 
many 
applications 
as a keypad-to-binary 
enco·der. 
The 
device 
contains 
a 2-of-8 
to binary 
encoder, 
a strobe 
generator, 
and 
an 
illegal 
state 
detector. 
The 
encoder 
has four 
row 
inputs 
and four 
column 
inputs, 
and is designed 
to accept 
inputs 
from 
16 keyswitches 
arranged 
in a 4 x 4 matrix. 
For an output 
on the four data 
lines, one 
and only one row along with one and only one column input line 
must 
be 
activated. 
All 
other 
combinations 
are 
suppressed 
by the 
illegal state 
detector 
to eliminate 
false data 
output. 
The 
strobe 
generator 
produces 
a strobe 
pulse 
when 
an,y of the 
10 keys 
corresponding 
to numerals 
0 through 
9 are depressed. 
The 
strobe output can be used to eliminate erroneous data entry due to 
contact 
bounce. 
For 
a strobe 
output 
to occur, 
the 
key 
row 
and 
column 
input 
lines 
must 
remain 
stable 
for 
80 
clock 
pulses 
after 
activation. 
When 
the contact 
bounce 
has settled 
and 80 clock 
pulses 
have 
occurred, 
the 
output 
will 
be 
a single 
strobe 
pulse 
equal 
in 
width 
to 
that 
of 
the 
clock 
low 
state. 
The 
strobe 
generator 
will 
output 
one 
and 
only 
one 
pulse 
each 
time 
a numerical 
key 
is de· 
pressed. 
After 
the 
pulse 
has 
occurred, 
noise 
and 
bounce 
due 
to 
contact 
break 
will 
not 
cause 
another 
strobe 
pulse. 
With 
a 16 kHz 
input 
clock 
frequency, 
the 
pulse 
occurs 
5 ms after 
the last bounce. 


• 
Suppressed 
Output 
for 
Illegal 
Input 
Codes 
• 
On-Chip 
Pullup 
Resistors 
for 
Rowand 
Column 
Inputs 
• 
Clock 
Input 
Conditioning 
Circuit 
• 
Low Current 
Drain 
in Standby 
Mode 
5.0 pA Typical 
@ 5.0 Vdc 
• 
Subsystem 
Complement 
to the MC14408114409 
Phone 
Pulse Converter 
• 
One-Key 
Rollover 
Feature 


Row I:~: 
Inputs 
A3 
3 


R4 
4 


Column I~:: 
Inputs 
C3 


C4 


13 
04 


12 
03 
Data 


02 
Outputs 
11 


10 
01 


2-01-8 
to 
Binary 
Encoder 
ond 
Illegal 
Code 
Oetector 


2-0F-8 
KEVPAD-TO-BINARV 
ENCODER 


L SUffiX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUffiX 


PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


16 


15 


14 


4 
13 


5 
12 


6 
11 


10 


9 


VOO 
= Pin 16 
VSS = Pin 
8 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static voltages 
or electric 
fields: however, 


it is advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


'operation 
it is recommended 
that 
Vin and 


Vout 
be constrained 
to the range 
V 55 
'" 


(Vin or Voutl 
'" VOO. 
Unused 
inputs must 
always 
be tied to an 
appropriate 
logic voltage 
level (e.g. 
either 


Vss or VOOI. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
+6.0 to -0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
VOO + 0.5 
Vdc 
to 


VSS -0.5 


DC Current Dratn per Pin 
I 
10 
mAde 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
-65 
t'J ·+150 
°c 


Voo 
-40°C 
25°C 
+850C 


CNract.istic 
Symbol 
Vdc 
Min 
MIX 
Min 
Typ 
"'ex 
Min 
Mex 
Unit 


Supply Voltage Operating Range 
VOO - - 
3.0 
6.0 
3.0 
5.0 
6.0 
3.0 
6.0 
Vdc 


Output 
Voltage 
"0" Level 
Vout 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


"1" Level 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Input Voltage 
"0" 
Level 
VIL 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 
Vdc 
(VO = 4.5 or 0.5 Vdc) 


"1" level 
VIH 
5.0 
3.5 
- 
3.5 
2.25 
.- 
3.6 
- 
Vdc 
(VO = 0.5 or 4.5 Vdc) 


Output 
Drive Current 
'OH 
5.0 
-0.23 
- 
-0.20 
-1.7 
- 
-0.16 
- 
mAde 
(VOH 
= 2.5 Vdcl 
Source 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.23 
- 
0.20 
0.78 
- 
0.16 
- 
mAde 


Input Leakage Current 
'IH 
5.0 
- 
.0.1 
- 
±0.00001 
±O.l 
- 
±1.0 
""Ade 
(Vin = VOO) 


Pu!lup Resistor Source Current 
IlL 
5.0 
265 
460 
190 
250 
330 
125 
215 
""Adc 
(Rowand 
Column Inputs) 
(Vin = Vss) 


Inpu t Capacitance 
Cin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 


(Vin = VSS) 


Standby Supply Current 
IOOS 
3.0 
- 
3.0 
- 
1.0 
3.0 
- 
6.0 
}JAde 


(fclock = 16 kHz, No Keys 
5.0 
- 
15 
- 
5.0 
15 
- 
30 
Depressed) 
6.0 
- 
60 
- 
20 
60 
- 
120 


Standby Supply Current as a 
IOOS 
5.0 
'DOS = 0.09 ",A/kHz 
+ 3.0 ",A 
,."Adc 
Function of Clock Frequency· 
(No Keys Depressed) 


CNract.istic: 
Symbol 
Voo 
Min 
Typ 
Mex 
Unit 


Output 
Rise and Fan Times, 01 thru D4 IFigure 1) 
tTLH. 
tTHL 
5.0 
- 
300 
- 
ns 


Propagation Delay Time. Row or Column Input to 
tPLH. 
5.0 
- 
1000 
- 
ns 
Data Outpu~ (Figure 1~ 
tPHL 
Clock Pulse Frequency Range 
PRF 
3.0 to 6.0 
- 
- 
80 
kHz 


II 


11 


Row 
or 
VOO 


Column 


Input 
VSS 


On 
Output 


VOL 


PRF 
'ST' 
Clock Frequency 
Strobe Pulse Delay Time 


kHz 
ms 
4.0 
20 
8.0 
10 
16 
5.0 
32 
2.5 
80 
1.0 


Contact 
Make 
Bounce 


Contact 
Break 
Bounce 


Rowar 
Column 
Input 
~~-~~ 
!--tST--lI---PWST' . 


80 Clock 
~ 
Pulses 
~----------------------- 


Inputs 
Row 
Column 
Outputs 


Key·· 
R4 R3 R2 Rl 
C4 C3 C2 C, 
0403020' 
Strobe 
1 
1 
1 
1 
0 
1 
1 , 
0 
0 
0 
0 
1 
.n. 


2 
1 
1 
1 
0 
1 
1 
0 
1 
0 
0 
1 
0 
.n. 


3 
1 
1 , 
0 
1 
0 
1 
1 
0 
0 
1 
1 
.n. 


A 
1 
1 
1 
0 
0 
1 
1 , 
1 
1 
0 
0 
0 
4 
1 
1 
0 
1 
1 
1 
1 
0 
0 
1 
0 
0 
.n. 


5 
1 , 
0 
1 
1 
1 
0 
1 
0 
1 
0 
1 
J'l.. 


6 
1 
1 
0 
1 , 
0 
1 
1 
0 
1 
1 
0 
J'l.. 


8 
1 , 
0 
1 
0 
1 
1 
1 
1 
1 
0 
1 
0 


7 
1 
0 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
.n. 


8 
1 
0 
1 
1 
1 
1 
0 
1 
1 
0 
0 
0 
.n. 


9 
1 
0 
1 
1 
1 
0 
1 , , 
0 
0 
1 
.n. 


C 
1 
0 
1 
1 
0 
1 
1 
1 
, , , 
0 
0 
0 , , 
1 
1 , , 
0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
1 , , 
0 
1 
0 
0 
0 
0 
.n. 


# 
0 , 
1 
1 
1 
0 , , 
1 
0 
1 , 
0 
0 
0 
1 , 
1 
0 
1 
1 , 
1 
1 
1 
1 
0 


All Other 
Combinations 
0 
0 
0 
0 
0 


MC14408, MCl4409 
Bin.ry-to.phone 
Pul •• Convert.' 


L"" 
5 mH 


{ 


Row 
Inputs 
:'~::d 


Column 
Inputs 


Clock 
O.e 
ST 
4 
OPL 
11 Outpulling 
04 


03 


02 
ORO 
12 
Dial 
Rotating 
Output- 
01 
I 
___ 
-.J 
I 
I 
I 
I 
MCl44081409 
I 
Control 
Inputs 


I 
I 
I 


• eetween 
eech 
digit 


pulNtr.in, 
MC14408 


DR 0 stays 
high, 
MC'"09 
ORO goes low. 


{ 


Hold 
9 


C.II 
Request 
13 


R.O,-, 10 


Interdiglt 
Time 
14 


Make·Br.ak 
Ratto 
15 


II 


B 


+voo 


[: 


II 
~ 
5 
s0 
::: 
16 


> 
15 
~ 
c 
" 
~ 
z 
13 
C 
12 
!5: 
11 


0 
10 


The 
MC14430 
is an integrated 
circuit 
designed 
for program 
selection 
address 
in TV and radio 
receivers 
by means 
of push button 
switches. 


• 
8 program 
inputs 
• 
Binary 
coded 
open 
drain 
latched 
output 
• 
Push 
button 
type 
keyboard 
allows 
for electrical 
isolation 
in live 
chassis 
applications 
• 
Single or double 
keying 
operation 
possible 
• 
Up to four circuits 
can be cascaded 
• 
Normally 
closed 
or normally 
open 
switches 
can be used. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
+10 to -0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
VDD to -0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature 
Range 
TA 
o to +70 
°c 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


This device contains 
circuitry 
to protect 
the inputs against damage due to high static voltages 
or electric 
fields: 


however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maximum 


rated voltages 
to this high impedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout be con- 
strained to the range VSS <;;; (Vin or Vout) 
<;;; VOO. 
Unused inputs must always be tied to an appropriate logic voltage level (e.g. either VSS or VOO). 
11 


Characteristics 
Symbol 
Min. 
Typ. 
Max. 
Unit 


Operating Supply Voltage 
VDD 
4 
5.2 
6 
Vdc 


Quiescent Current per Package (Pins 16,1,2, 
IDD 
~Adc 


3,4,5,6,7 
open or grounded) 
VDD 
= 5 V 
- 
0.068 
10 


Input Voltage 
"0" 
Lellel 
VIL 
- 
2.25 
1.5 
Vdc 


"'" 
Lellel 
VIH 
3.5 
2.75 
- 


Input Current 
VDD 
= 5 V 
lin 
~Adc 


Vin = 1 V 
- 
2.1 
- 


Vin = 2 V 
- 
2.6 
- 


Vin = 5 V 
- 
2.6 
6.0 


Output 
Orille Current 
IOL 
mAdc 


(VOL 
= 0.5 VI 
VDD 
= 5 V 
2.5 
6.2 
- 


Output 
Drille Current 
IOL 
mAdc 


(VOL 
= 0.5 VI 
VDD 
= 5 V 
0.9 
2.25 
- 


Incorrect 
encoding of the selected program number can 
occur whenever the last bounce, on opening a normally 
open switch, is 40 to 60llsec. 
wide. Should the type of 
switch used have a characteristic 
within 
this timing, 
the 
switch configuration 
opposite is recommended. 


By pulsing the common switch line at a rate lower than 
the whole 
bounce 
period 
(15 msec. max.l, 
chances of 
misfunction 
are reduced. 
Pulsing 
can 
be provided 
by 
a unijunction 
transistor 


relaxation 
oscillator 
or by a switching transistor driven 
by the vertical 
deflection 
flyback 
signal or others. The 
pulse width can vary between few hundred Ilsec. and few 
milliseconds. 


20msH 
vooUlJ 
vss 


O,5~ 


II 


DO 
" 
13 
12 
LlO 
MC14430 
, 


•• 
1 
2 , • 
5 • 
7 


1 
2 , • 
5 • 
7 • 


~ 
I? 
9 


L " 
13 
12 


10 
MC14430 
, 


" 
1 
2 , • 
5 • 
7 


1 
2 , • 
5 • 
7 • 


SINGLE/DOUBLE 
KEYING 
- 
Single 
Keying 
Mode 
(SKM) is selected by connecting pin 10 to VDD. Double 
Keying Mode (DKM) is obtained 
by connecting 
pin 10 
to ground. 
In SKM, input 
pins: 
16, 
1, 2, 3, 4, 
5, 6, 7 select 
programs 
1 to 8 respectively. 
The corresponding 
binary 


coded output 
(000 for program 1) will appear on lines 
A, 8, C. Output 
D (pin 11) is a chip select output 
and 
will remain 
activated 
(at VSS) as long as the chip is 
selected. Refer to application 
information. 


In DKM, keys are divided into two groups: keys 1, 2,3, 
4 (pin 16, 1, 2, 3) and keys a, b, c, d, (pin 4, 5, 6, 7) 
which 
affect 
output 
lines A, B, and C, D respectively 
(see appl ication information). 
Keying sequence is important 
since output 
lines A and B 
are reset every ti me a, b, c, d are actuated. 
For example: 
program 
b3 is selected by keying b first, 
then 3. If key d is then actuated, 
program d1 is selected. 


POWER 
ON 
RESET 
- 
When 
power 
is switched 
on, 


channel 
1 (or channel 1a in DKM) will be automatically 
selected. 


PRIORITY 
ENCODER 
- 
When 
two 
or 
more 
keys 
belonging to the same chip are activated simultaneously, 
the key having the lowest number will have priority and 
the corresponding 
code will be selected. 
In Double Keying Mode, key 1 has priority over keys 2,3 
and 4, key a has priority over keys b, c and d. 


MUL TI 
CHIP 
SYSTEM 
- 
As 
long 
as 
one 
key 
is 
activated the chip select pin 9 of the corresponding 
chip 
is pulled to ground. 
That chip is now selected and any other chip connected 
in parallel will be disabled. 
If two or more 
keys belonging 
to different 
chips are 
acutated 
at the same time, the chip corresponding 
to the 
first actuated 
key will be selected. 
When releasing the 
keys, the chip corresponding 
to the last released key will 
remain selected. 


BINARY 
CODED 
OUTPUT 
- 
In SKM, binary coded 
program number 
minus one is present on lines A, B, C 
(pin 14, 13, 12). 
Output 
D (pin 11) goes low when the corresponding 
chip 
is selected. 
In DKM the 
binary 
code 
output 
is 
present on lines A, B, C, D. 


II 


TRIPLE 
GATE 


DUAL 4·INPUT "NAND" 
GATE 
2·INPUT "NOR/OR" 
GATE 
a·INPUT "AND/NAND" 
GATE 


The MC14501UB constructed with MOS P-channeland N-channel 


enhancement mode devices in a single monolithic structure. These 


complementary 
MOS 
logiC gates 
find 
primary 
use where 
low 
power 
dissipation and/or high nOIse 
Immurlity 
is desired. Additional 
char- 


acteristics 
call be found 011 the Family Data Sheet. 


• 
Quiescent Current = 0.5 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - Positive or Negative 


• 
High Fanout> 
50 
• 
Input Impedance = 1012 ohms typical 


• 
Logic Swing Independent of Fanout 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Svmbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VOO 
-05to+18 
Vdc 


InpUT 
Voltage. 
All 
Inputs 
V,n 
-05 
to VOO + 05 
Vdc 


DC 
Current 
DraIn 
per 
Pin 
I 
10 
mAde 


Opp.ratlng 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 
to +125 
°c 


C LlCP 
DeVIce 
-40 to +85 


Storage 
Temperarure 
Range 
T5l9 
-65 to +150 
°c 


TRIPLE 
GATE 
DUAL 4·INPUT "NAND" 
GATE 
2·INPUT "NOR/OR" 
GATE 
a·INPUT "AND/NAND" 
GATE 
--- 


I . -! 
( 
I 
J ,i ! 
I 
. 
"" 
I 
I 
I 


MC,4XXXUB ~su~t,"c.::,:t::Ck.g. 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


-- 
C 
Limited 
Operating 


Temperature 
Range 


~~ 
'3 
3 
, 
4 
,..--_.: 


"~' 


14 AND 
12 
5• 
15 NAND 


~~,o 


9 
VOO 
c Pin 16 


VSS"'Pln8 


VDD 
Tlow• 
25°C 
Thigh • 


Ch.r.cteristic: 
Symbol 
Yd. 
Min 
M •• 
Min 
Typ 
M•• 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin""VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
level 
VOH 
5.Q 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
,9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


(VO· 
3.6 or 1.4 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.4 


(VO = 7.2 or 2.8 Vdcl 
10 
- 
3.0 
_. 
4.50 
3.0 
- 
2.9 
(VO = 11.5 or 3.5 Vdcl 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.6 


(VO = 1.4 or 3.6 Vdcl 
"1" Level 
VIH 
5.0 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 2.8 or 7.2 Vdc) 
10 
7.1 
- 
7.0 
5.50 
- 
7.0 
- 


(VO • 3.5 or 11.5 Vdcl 
15 
11.4 
- 
11.25 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IOH 
mAde 


(AL Devicel 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
.-1.7 
- 
-0.7 
- 


(VOt! • 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
i 


(VOH = 9.5 Vdc) 
NAND 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOH = 2.5 Vdc) 
NOR 
5.0 
-2.1 
- 
-1.75 
-3.0 
- 
-1.22 
- 
mAde 


(VOH = 4.6 Vdcl 
5.0 
-0.42 
- 
-0.35 
-0.63 
- 
-0.24 
- 


(VOH = 9.5 Vdc) 
10 
-1.06 
- 
-0.88 
-1.58 
- 
-0.62 
- 


(VOH' 
13.5 Vdc) 
15 
-3.1 
- 
-2.63 
-6.12 
- 
-1.84 
- 


(VOH = 2.5 Vdcl 
NOR· 
5.0 
3.6 
3.0 
5.1 
2.1 
mAde 


(VOH = 4.6 Vdc) 
5.0 
-0.72 
- 
-0.6 
-1.08 
- 
-0.42 
- 


(VOH = 9.5 Vdc) 
Inverter 
10 
-1.8 
- 
-1.5 
-2.7 
- 
-1.05 
- 


(VOH • 13.5 Vdcl 
15 
-5.4 
- 
-4.5 
-10.5 
- 
-3.15 
- 


(VOL = 0.4 Vdcl 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL· 
0.5 Vdc! 
NAND 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


(VOL = 0.4 Vdc) 
NOR 
5.0 
0.92 
- 
0.77 
1.32 
- 
0.54 
- 
mAde 


(VOL = 0.5 Vdc! 
10 
2.34 
- 
1.95 
3.37 
- 
1.36 
- 
(VOL' 
1.5 Vdc! 
15 
6.12 
- 
5.1 
13.2 
- 
3.57 
- 


(VOL = 0.4 Vdc! 
NOR· 
5.0 
1.54 
- 
1.28 
2.2 
- 
0.90 
- 
mAde 


(VOL = 0.5 Vdcl 
Inwrter 
10 
3.90 
- 
3.25 
5.63 
- 
2.27 
- 


(VOL = 1.5 Vdc! 
15 
10.2 
- 
8.5 
22 
- 
5.95 
- 


Output 
Drive Current 
IOH 
mAde 
(CL/CP Device) 
(VOH' 
2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH • 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
NAND 
10 
--0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH • 13.5 Vdc! 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH = 2.5 Vdc) 
NOR 
5.0 
-1.68 
- 
-1.4 
-3.0 
- 
-1.05 
- 
mAde 


(VOH = 4.6 Vdc) 
5.0 
-0.34 
- 
-0.28 
-0.63 
- 
-0.21 
- 


(VOH • 9.5 Vdcl 
10 
-0.84 
- 
-0.7 
-1.58 
- 
-0.52 
- 
(VOH' 
13.5 Vdc) 
15 
-2.52 
- 
-2.1 
-6.12 
- 
-1.57 
- 


(VOH • 2.5 Vd.) 
NOR· 
5.0 
-2.88 
- 
-2.4 
-5.1 
- 
-1.8 
- 
mAde 
(VOH • 4.6·Vdc) 
5.0 
-0.58 
- 
-0.48 
-1.08 
- 
-0.36 
- 


(VOH • 9.5 Vdc) 
lowrter 
10 
-1.44 
- 
-1.2 
-2.7 
- 
-0.9 
- 
(VOH • 13.5 Vdc! 
15 
-4.32 
- 
-3.6 
-10.5 
- 
-2.7 
- 


(VOL = 0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc! 
NAND 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


(VOL' 
0.4 Vdc) 
NOR 
5.0 
0.79 
- 
0.66 
1.32 
- 
0.54 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.98 
- 
1.65 
3.37 
- 
1.36 
- 


(VOL' 
1.5 Vdc) 
15 
5.4 
- 
4.5 
13.2 
- 
3.57 
- 


(VOL = 0.4 Vdc) , 
NOR· 
5.0 
1.32 
- 
1.1 
2.2 
- 
0.90 
- 
mAdc 


(VOL· 
0.5 Vdc!, 
'owrter 
10 
3.3 
- 
2.75 
5.63 
- 
2.27 
- 
(VOL' 
1.5 Vdcl 
15 
9.0 
- 
7.5 
22.0 
- 
5.95 
- 


II 


II 


Tlow " 
25°C 
Thigh" 
VOO 
CharKteristic 
Symbol 
Vde 
Min 
Mox 
Min 
Typ 
Mox 
Min 
Mox 
Unit 


Input Current (AL Device) 
lin 
15 
- 
'0.1 
- 
'0.ססOO1 
'0.1 
- 
t1.0 
/lAde 


Input Current (CLlCP Device) 
lin 
15 
- 
'0.3 
- 
to.00001 
'0.3 
- 
±1.0 
/lAde 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IV;n :0) 


Quiescent 
Current 
(AL Device) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
/lAde 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15.0 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30.0 


Quiescent 
Current 
(CLlCP 
Device) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
/lAde 


(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30.0 


Total Supply Current Ut 
IT 
5.0 
IT - 11.2 /lA/kHz) 
f + 100 
/lAde 


(Dynamic plus Quiescent, 
10 
IT - 12.4/lA/kHzl 
I + 100 
Per Package 
I 
15 
IT = 13.6/lA/kHzl 
I + 100 


(CL = 50 pF on all outputs. 
all 
buffers 
switching) 


·Tlow 
=: -5SoC for AL Device, _40°C 
for CLlCP 
Device. 


Thigh = +1250C lor AL Dev;c:e. +850C lor CL/CP Device. 
#Noise immunity 
specified for worst..caseinput combination. 
tTo 
calculate 
total 
supply 
current 
at loads other 
than 50 pF: 


ITICL) - ITI50 pFI + 4 x 10-3 
ICL -50) 
Vool 
where: IT is in IlA (per package). CL in pF. VOD in Vdc. and f in kHz is input frequency . 


• -The 
formulas 
given are for the typical 
characteristics 
only 
at 2SoC. 


Ch.ract.ristic 
Figure 
Symbol 
VOO 
Typ 
Mox 
Unit 
AIITy_ 


Output 
Rise Time 
NAND. NOR 
2.3 
tTLH 
n. 
tTLH' 
13.0 ns/pFI 
CL + 30 n. 
5.0 
180 
360 
tTLH' 
11.5 n./pFI 
CL + 15 n. 
,0 
90 
180 
tTLH - 11.1 n./pF) 
CL + 10 n. 
15 
65 
130 


I Output 
Fall T;me 
NAND. NOR 
2.3 
tTHL 
n. 
tTHL 
= 11.5 n./pF) 
CL + 25 n. 
5.0 
100 
200 
tTHL 
= 10.75 n./pFI 
CL + 12.5 ns 
10 
50 
100 


tTHL 
z 10.55 n./pF) 
CL + 9.5 n. 
15 
40 
80 


OutPut 
Rise Time 
NOR·lnverter 
3 
tTLH 
n. 
tTLH' 
11.35 ns/pF) 
CL + 32.5 n. 
5.0 
100 
200 
tTLH' 
10.60 n./pF) 
CL + 20 n. 
10 
50 
100 
tTLH • 10.40 ns/pF) 
CL + 17 ns 
15 
40 
80 


Output 
Fall Time 
NOR-Inverter 
3 
tTHL 
n. 
tTHL 
= 10.67 n./pF) 
CL + 26.5 n. 
5.0 
60 
120 
tTHL 
= 10.45 n./pF) 
CL + 17.5 n. 
10 
40 
80 
tTHL' 
10.37 n./pFI 
CL +'1.5 
n. 
15 
30 
60 


Propagation 
Delay Time 
NAND 
2 
tPLH. 
n. 
tPLH. tPHI., - <1.7 n./pF) 
CL +45 
n. 
tpHL 
50 
130 
260 
tPLH. 
tPHL 
= 10.66 n./pF) 
CL + 37 n. 
10 
70 
,40 


tPLH. 
tPHL = 10.5 n./pF) 
CL + 25 n. 
15 
50 
100 


tpLH. 
tpHL 
= 11.7 n./pFI 
CL + 30 n. 
NOR 


I 


3 
tPLH. 
5.0 
115 
230 
n. 
tPLH. 
tpHL 
• 10.66 n./pFI 
CL + 32 n. 
tpHL 
10 
65 
,30 
tPLH. tPHL ·10.5 
n./pF) 
CL + 20 n. 
15 
45 
90 


tPLH. 
tPHL • 11.7 n./pF) 
CL + 45 n. 
NOR·lnverter 
3 
tpLH. 
5.0 
130 
260 
nl 
tPLH. tpHL 
- 10.66 n./pFI 
CL + 37 n. 
tPHL 
,0 
70 
,40 
tpLH 
tPHL 
Z 10.5 n./pF) 
CL + 25 n. 
,5 
50 
,00 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 


however. 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 


mum rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS ~ (Vin or Vout) 
•• VDD. 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g. either VSS or VDD). 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


90% 
Input 
(A) 
~- 50% 


:----,,10% 


JPHL- 


-90% 


-50% 


10% 


90% 


50%10%tV 
Ol 
-i 


tTLH 


IJ 


® MOTOROLA 


II 


STROBED 
HEX INVERTER/BUFFER 


The 
MC14502B 
is a strobed 
hex buffer/inverter 
with 
3-state 
out- 


put, 
an inhibit 
control, 
and guaranteed 
TTL 
drive 
over the 
temper- 


ature 
range. 
The 
3-state 
output 
simplifies 
design 
by 
allowing 
a 
common 
bus. 


• 
Quiescent 
Current 
= 2.0 nA/package 
typical 
@ 5 Vdc 


• 
Separate 
Output 
Disable 
Control 


• 
3-State 
Output 


• 
Output 
Impedance 
= 200 
ohms 
@ 
5.0 
V Supply 
Guaranteed 
Over Full Temperature 
Range 


• 
Input 
Impedance 
= 1012 ohms 
typical 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 
ature 
Range. 


Rating 
Symbo~ 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain per Input Pin 
I 
10 
mAde 


DC Current 
Drain per Output 
Pin 
I 
30 
mAde 


Operating 
Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
"c 


CL/CP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
C 


On 
Inhibit 
Oiublo 
an 


0 
0 
0 
1 
1 
0 
0 
0 


X 
1 
0 
0 
x 
X 
1 
High 
Imped-.ce 


STROBED 
HEX 
INVERTER/BUFFER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


"o"m'ltsUII;X 
Oenote, 


L 
Ceramic 
Package 
P 
PI.tic 
Package 


A 
Extended 
OperatinG 
Tamper.tur. Range 
C 
Limited 
Operating 
Tamper.tur. 
Range 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
.0.05 
-- 
0.05 
Vdc 


Vi" -- VOO or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
-- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
~ 0 or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
-- 
2.25 
1.5 
- 
1.5 
(VO • 9.0 or 1.0 Vdcl 
10 
-- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
-- 
6.75 
4.0 
-- 
4.0 
"1" Level 
VIH 
(VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
.. 
35 
2.75 
- 
3.5 
- 
Vdc 
(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
.. 
7.0 
5.50 
- 
7.0 
- 


(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
IOH 
mAde 
(VOH' 
2.5 VdcJ 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH ·4.6 
Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 VdcJ 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 VdcJ 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
3.5 
- 
2.8 
6.6 
-- 
2.0 
- 
mAde 
(VOL' 
0.5 VdcJ 
10 
7.8 
- 
6.3 
17 
- 
4.4 
- 


(VOL' 
1.5 Vdcl 
15 
29 
- 
24 
66 
- 
16 
- 


Output 
Drive Current (CLlCP Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
-- 
-2.1 
-4.2 
- 
-1.7 
-- 


(VOH • 4.6 Vdcl 
50 
-0.52 
-- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
-- 
-1.1 
-2.25 
-- 
-0.9 
-- 


(VOH' 
13.5 VdcJ 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
2.3 
- 
1.9 
6.6 
- 
1.6 
-- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
5.0 
- 
4.2 
17 
- 
3.4 
- 
(VOL' 
1.5 VdcJ 
15 
19 
- 
16 
66 
-- 
13 
-- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
:to.l 
- 
to.00001 
±O.l 
- 
± 1.0 
~Adc 


Input Current (CLlCP Device) 
lin 
15 
-- 
t 0.3 
- 
to.OOOOl 
±0.3 
- 
t 1.0 
p.Adc 


Input 
Capacitance 
Cin 
- 
.. 
- 
- 
5.0 
7.5 
- 
- 
pF 
{Vi" 
== 01 


Quiescent Current (AL Device) 
IDD 
5.0 
- 
1.0 
-- 
0.002 
1.0 
-- 
30 
J,lAdc 


(f'er Package) 
10 
. 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
-- 
120 


Quiescent Current ICLlCP Device) 
IDD 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
J,JAdc 
(Per Package) 
10 
-- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 
Total Supply 
Current-· 
t 
IT 
5.0 
IT = 
(2.7 ~A/kHzl 
f + 'DD 
,uAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT' 
(5.3 ~A/kHzl 
f + IDD 
Per Package) 
15 
IT = 
18.0 ~A/kHzl 
f + 'DD 
(CL = 50 pF on all outputs, all 
buffers switching) 


Three-State leakage Current 
ITL 
15 
-- 
±O.l 
- 
-0.00001 
t 0.1 
- 
t3.0 
~Adc 
(AL Device) 


Three-State Leakage Current 
ITL 
15 
- 
11.0 
-- 
-0.00001 
t 1.0 
- 
t 7.5 
J.lAdc 
(CLlCP Devicel 


11 


*Tlow"" 
-5SoC for AL Device, -40oC for CLlCP Device. 
ThIgh"" +12SoC for AL Device. +8SoC for Cl./CP 
Device. 


:Noise immunity 
spedfied for worst-case input combination. 


Noise Margin for both "'" 
and "0" level -.::'.0 Vdc min@VDO 
= 5.0 Vdc 
2.0 Vdc min@ VDD 
= 10 Vdc 
2.5 Vdc min @ VDD 
= 15 Vdc 
tTo calculate total SUDDlycurrent at loads other than 50 pF: 


'T1Cl) 
c ITl60 pF) + 6.10-3 lCl 
-601 VODI 
where: IT is in J.lA(per package), CL in pF, VOO in Vdc, and f in kHz iS,input frequency . 
• -The formulas given are for the typical characteristics only at 2SoC. 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


II 


a.••._iotlc 
Symbol 
VDD 
All Ty••• 
Unit 
Mln 
Typ 
Mix 
Output Rise Time 
tyLH 
N 
tTLH' 
13.0nl/pFI CL + 30 nl 
5.0 
- 
100 
200 


tTLH' 
11.5nl/pFI CL + 15 nl 
10 
- 
50 
100 


tyLH • (1.1 nl/pFI CL + 10 nl 
15 
- 
40 
80 


Output 
Fall Time 
tyHL 
nl 
tTHL' 
10.6nl/pF) CL + 10 nl 
5.0 
- 
40 
80 
tTHL' 
10.3ni/pFI CL + 5.0 nl 
10 
- 
20 
40 
tTHL' 
10.27n./pFI CL + 1.5 n. 
15 
- 
15 
30 


Prop8glltion 
Delay Time 
Dati 
to a 
tPHL 
5.0 
- 
135 
270 
n. 
'0 
- 
56 
110 
15 
- 
40 
80 


ProP8Dl'tion 
DeilY Time, 
Inhibit 
to a 
tpHL 
5.0 
- 
336 
670 
nl 
,0. 
- 
'45 
290 
'5 
- 
95 
,90 


Prop.tion 
DeilY Time Oltl to a, Inhibit to a 
tpLH 
5.0 
- 
296 
690 
N 
10 
- 
,,30 
260 
,6 
- 
96 
190 


3·$18.e 
PrQP898tion 
Daley. Output 
"1" 
to High Impedance 
tPHZ 
5.0 
- 
66 
,30 
n. 
,0 
- 
30 
60 
16 
- 
25 
60 


3-5tl.1 
PropBgetion 
DellV. High Impedence 
to "1" 
Level 
tpZH 
6.0 
- 
260 
520 
n. 
,0 
- 
,05 
2,0 
'6 
- 
80 
180 
3-5tot. 
ProPOllOtionDeley, Output "0" to High Impedance 
tpLZ 
5.0 
- 
160 
300 
n. 
,0 
- 
70 
140 
,6 
- 
66 
110 


3-5tl'8 
Propagation 
Del IV. High Impedance 
to "0" 
Level 
tPZL 
5.0 
- 
,60 
320 
nl 
,0 
- 
66 
130 
'5 
- 
60 
100 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 


however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 


mum rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS '" 
(Vin or Vout) 
'" VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g. either VSS or VOO). 


VGs' -voo 
vos,vowvoo 
VOS'VOL 
Vas· voo 


~ 


on, 
20n, 


V 
90% 
VOO 
In 
50% 


. 
10% 
~S 


For.1I 
tTLH. 
tTHL. 
tpHL. 
and tpLH 
me.surements 
Vin 
may 
be applied 
to .n~other 
On input 
or to 
Inhibit. 


60% 


Duty 


Cycle 


1000 


~ 
900 


~. 
~ 
800 


~ 
100 
~j 
600 
o~ 
a: ~ 
500 
~~ 
~~ 
400 
'"~ 
300 
x 
•• 
200 
'"~ 
100 
o 
25 


I 


PLASTIC 
OR CERAMIC 
"'- 


P 
CKAGE 
. - 


I'.. 


"'- 


"- 
"- 
"- 
I'.... 
" 
B 


TE5T 
51 
52 
53 
54 


tPHZ 
Open 
Closed 
Closad 
013:8n 
tPLZ 
Closed 
Open 
opan 
Closad 
tPZL 
Closed 
Open 
Open 
CIONd 
tpZH 
Open 
Closed 
Clo.~d 
opan 


•• 0.6 V • VOO - 
6 V. 
10V.and15V 
E 


ZH 


{ 


•• 
2V.VOO- 
6V 
•• 
llV.VOO-10V 
•• 10 V • 
VOO - 15 V 
____ 
1_~___ 
VOL 


® MOTOROLA 


The MC14503B is a hex non-inverting buffer with 3-state outputs, 


and a high current source and sink capability, The 3-state outputs 
make it useful in common bussing applications. Two disable controls 
are provided. A high level on the Disable A"input causesthe outputs 
of buffers 1 through 4 to go into a high impedance state and a high 
level on ihe Disable B input causesthe outputs of buffers 5 and 6 
to go into a high impedance state. 
II 


• 
3-State Outputs 


• 
TTL Compatible - 
Will Drive One TTL Load Over Full Tempera- 


ture Range 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Symmetrical Turn-On and.Turn-off Delays 


• 
Symmetrical Output Rise and Fall Times 


• 
Two Disable Controls for Added Versatility 


• 
Pin for Pin Replacement for MM80C97 and 340097 


Rating 
Symbol 
V.lue 
Unit 


DC Supply Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input Voltage, All Inputs 
Vi" 
-0.5 
to VDD + 0.5 
Vdc 


DC Current 
Drain 'per Inpuc.Pin 
I 
10 
mAde 


DC Current 
Drain per Output 
Pin 
I 
25 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
·c 


CL/CP Device 
-40 
to +85 


Storane 
Temperature 
Range 
Tstg 
65 to +t50 
C 


One of two/four 
buffers 
,-------1 
"~: 
;r: 
~ 
I 
r'" 


'Disable 
I 
9 
I 
Input 
1 
I 


+ 
I t 
VSS 
I 
To Other 
Buffen 
I 
I 
L 
J 


-Diode prot.ction 
on.1I inputs (not "'own) 


This dwice 
contain. circuitry to protect 
the 
inputs .plost 
damage 
due 
to 
high 
atetic 
volt8Qft 
or 
electric 
fields; 
howev.,.. 


it 
I' 
advlMd 
thet 
normal 
precaution. 
be 
teken 
to 
avoid 
application 
of any 
volt8ge 
hlghur 
than 
maximum 
reted 
yolt-vet 
to 
this 
high 
impedence 
circuit. 
For 
proper 


operation 
It 
I. recommended 
that 
V In and 
Vout 
be constrained 
to 
the 
ranlilll Vss 
<: 


(Vin 
or Vaut) 
< VOo· 


Unused 
inputs 
must 
alwey. 
be tied 
on 
en 
~rapriate 
logic 
valtege 
level 
(e.g., 
either 
VSSor 
VOO) 


,- 
1 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


Ceramic 
Package 
Plastic 
Package 
Extended 
Operating 
Temperature 
Range 
Limited 
Operating 
Temperature 
Range 


Appropriate 
Dioob •• 
Inn 
Input 
Outn 
0 
0 
0 


1 
0 
1 


X 
t 
High 


Impedance 


X ~ Don't 
Care 


LOGIC 
DIAGRAM 


Disable 
B 


In 5 
Out 
6 


In 6 
Out 
6 


In 1 
Out 
1 


In 2 
Out2 


In 3 
Out3 


In 4 
Out4 


Diuble 
A 


VOO 
- 
Pin 16 


Vss 
- 
Pin 8 


Voo 
Tlow " 
25uC 
Thigh" 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


Vin '" VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
_. 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi" 
'" OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
# 
"0" 
Level 
VIL 
Vdc 


(Va = 3.6 or 1.4 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va = 7.2 or 2.8 Vdc) 
10 
- 
3.0 
_. 
4.50 
3.0 
- 
3.0 
(Va· 
11.5 or 3.5 Vdc) 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.75 
"1" 
Level 


(Va = 1.4 or 3.6 Vdc) 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va •• 2.8 or 7.2 Vdc) 
10 
7.0 
- 
7.0 
5.5 
- 
7.0 
- 


tV,..· 
3.5 or 11.5 Vdc) 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Output 
Drive Current 
(AL Device)··· 
IOH 
mAde 


(VOH • 2.5 Vdc) 
Source 
4.5 
-4.3 
- 
-3.6 
-5.0 
- 
-2.5 
- 


(VOH = 2.5 Vdc) 
5.0 
-5.8 
- 
-4.80 
-6.1 
- 
-3.0 
- 


(VOH = 4.6 Vdc) 
5.0 
-1.2 
- 
-1.02 
-1.4 
- 
-0.7 
- 


(VOH = 9.5 Vdc) 
10 
-3.1 
- 
-2.60 
-3.7 
- 
-1.8 
- 


(VOH = 13.5 Vdcl 
15 
-8.2 
- 
-6.80 
"14.1 
- 
-4.8 
- 


Sink 
IOL 
mAde 


(VOL' 
0.4 Vdc) 
4.5 
2.2 
- 
1.8 
2.1 
- 
1.2 
- 


(VOL = 0.4 Vdcl 
5.0 
2.6 
- 
2.1 
2.3 
- 
1.3 
- 


(VOL' 
0.5 Vdcl 
10 
6.5 
- 
5.5 
6.2 
- 
3.8 
- 


(VOL' 
1.5 Vdc) 
15 
19.2 
- 
16.10 
25.00 
- 
11.2 
- 


Output 
Drive Current 
(CLlCP Device) ••• 
IOH 
- 
mAde 


(VOH = 2.5 Vdcl 
Source 
4.75 
-4.0 
- 
-3.60 
-5.5 
- 
-2.4 
- . 
(VOH = 2.5 Vdc) 
5.0 
-4.6 
.. 
-4.20 
-6.1 
- 
-3.0 
- 


(VOH = 4.6 Vdcl 
5.0 
-1.0 
- 
-0.88 
-1.4 
- 
-0.7 
- 


lVOH • 9.5 Vdcl 
10 
-2.4 
- 
-2.20 
-3.7 
-- 
-1.8 
- 


(VOH = 13.5 Vdc) 
15 
-6.6 
- 
-6.00 
-14.1 
- 
-4.8 
- 


Sink 
IOL' 
mAde 


(VOL = 0.4 Vdc) 
4.75 
2.1 
- 
1.95 
2.2 
- 
1.25 
- 


(VOL' 
0.4 Vdc) 
5.0 
2.3 
- 
2.10 
2.3 
- 
1.3 
- 


(VOL' 
0.5 Vdcl 
10 
6.0 
- 
5.45 
6.2 
- 
3.8 
- 


(VOL = 1.5 Vdcl 
15 
15.2 
- 
13.80 
25.00 
- 
11.2 
- 


Input Current (AL Device) 
lin 
15 
_. 
to.1 
- 
to.00001 
to.l 
- 
± 1.0 
/JAde 


Input 
Current 
(CL/CP 
Devicel 
Ii" 
15 
- 
t 0.3 
- 
to.00001 
to.3 
- 
t1.0 
IJAdc 


Input 
Capacitance 
(Vi" - 0) 
C;n 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Quiescent 
Current 
(AL Device) 
10 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
pAde 


(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 


15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent 
Current 
(CL/CP Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
,/JAde 


(Per Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 


15 
- 
16 
- 
0.006 
16 
- 
120 
Total Supply Current-·t 
IT 
5.0 
,uAdc 


(Dynamic 
plus Quiescent, 
Per Package) 
10 
IT = 12.5 
~A/kHzl 
f + 100 


(CL' 
50 pF on all outputs) 
15 
IT = 16.0 ~A/kHz) 
f + 100 


(All outputs 
switching, 
50% Duty Cycle) 
IT = 110 ~A/kHzl 
f + 100 


3·State 
Output 
Leakage Current 
ITL 
15 
- 
to.1 
- 
.0.0001 
to.l 
- 
13.0 
IlAdc 


(AL Device) 
- 
- 
- 


3-State 
Output 
("kage 
Current 
ITL 
15 
- 
tl.0 
- 
to.0001 
tl.0 
- 
'7.5 
IlAdc 
(CL/CP Device) 
- 
- 
- 


-Tlow 
= -55 


QC 
for AL Device. _40°C 
for Cl/CP 
Device. 
Thtgh:Z +125°C 
for Al 
Device. +85°C for Cl/CP 
Device. 
#Noise 
immunity 
specified 
for worst-case 
input combination. 


tTo calculat. 
totel 
supply 
current 
at toads other 
than 50 pF; 


IT(CLI· 
IT(50 pF) + 6 X 10-3 
(CL - 50) VOO 
f 
IT is in JJA (per package) 
Cl 
in pF. VOQ in Vdc. and f in kHz is input frequency 
. 
• ·The formules 
given are for the typical 
char.etttristici 
only at 25 
C 
···Cer. 
must be taken 
not to exceed 
maximum 
current 
ratings 
(see maximum 
ratings table and Figure 
1). 


VDD 
AIlTypeo 


CMrect_iltic 
Symbol 
VCC 
Typ 
Mo. 
Unit 


Output 
A ise Time 
trLH 
ns 


trLH 
- (O.5"ns/pFI CL + 20 ns 
5.0 
45 
90 


trLH 
• (0.3 ns/pFI CL + 8.0 n. 
10 
23 
45 


trLH 
=.(0.2 n./pFI 
CL + 8.0 n. 
15 
18 
35 


Output Fall Time 
trHL 
n. 


trHL 
- 10.5 ns/pFI CL + 20 ns 
5.0 
45 
90 


tTHL 
• (0.3 n./pFI 
CL + 8.0 ns 
10 
23 
45 


trHL 
- 10.2 ns/pFI CL + 8.0 ns 
15 
18 
35 


Turn-Off 
DeilY Time, 
all Outputs 
tPLH 
ns 


tpLH - 10.3 ns/pF I CL + 60 ns 
5.0 
75 
150 


tpLH' 
10.15 ns/pF) CL + 27 ns 
10 
35 
70 


tpLH 
- 10.1 ns/pFI CL +20 
ns 
15 
25 
50 


Turn-On 
DeIlY Time, 
all Outputs 
tpHL 
n. 


tpHL 
- (0.3 ns/pFI CL + 60 ns 
5.0 
75 
150 


tpHL 
= (0.15 ns/pFI CL + 27 ns 
10 
35 
70 


tpHL· 
(0.1 ns/pFI CL + 20 n. 
15 
25 
50 


3-State Propagation Delav Time 
tPHZ 
5.0 
75 
150 
ns 


Output "1" to High Impedance 
10 
40 
80 
15 
35 
70 


Output 
"0" to High Impedlnce 
tPLZ 
5.0 
80 
160 
n. 


10 
40 
80 
15 
35 
70 


High Impedance to "I" 
Level 
tPZH 
5.0 
65 
130 
n. 


10 
25. 
50 
15 
20 
40 


High Impedance to "0" 
Level 
tPZL 
5.0 
100 
200 
ns 


10 
35 
70 
15 
25 
50 


FIGURE 
1 - 
AMBIENT 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
IlTLH. tTHL. tpHL. and tpLHI 


IPLH-! 
E3 
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HEX LEVEL 
SHIFTER 
FOR 
TTL to CMOS or CMOS to CMOS 


The MC14504B is a hex non-inverting level shifter using CMOS 
technology. The level shifter will shift a TTL signal to CMOS logic 
levels for any CMOS supply voltage between 5 and 15 volts. A con- 
trol 
input also allows interface from CMOS tei CMOS at one logic 
level to another logic level·. Either up or down level translating is 
accomplished by selection of power supply levels VDD and VCC. 
The VCC level sets the input signal levels while VDD selects the 
output voltage levels. 


Supply current is typically 
1 nA 
@ VDD 
= 10 V for CMOS to 
CMOS operation. 
When translating 
from 
TTL 
to CMOS supply 
current is typically 
2.5 mA taken from VCC. 


• 
UP Translates from a Low to a High Voltage.or 
DOWN Translates from a High to a Low Voltage 


• 
Input Threshold Can Be Shifted for TTL Compatibility 


• 
No Sequencing Required on Power Supplies or Inputs for 
Power Up or Power Down 


• 
3 to 1BVdc Operation for VDD and VCC 


• 
Diode Protected Inputs to VSS 


• 
Capable of Driving Two Low Power TTL Loads, 


One Low Power Schottky TTL Load or 
Two HTL Loads over the Rated Temperature Range 


Vcc = TIL Mode 
Vss = CMOS 
Mode 


TTL or CMOS to CMOS 
HEX LEVEL 
SHIFTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


M••• m'11sUffiX 
Cenote, 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


TamPtlratur. 
Ranga 
e 
Limited 
Operating 


Tamperature 
Range 


Rating 
Symbol 
Vah~. 
Unit 


DC Supply Voltage 
VCC 
-0.5 
to .18 
Vdc 


DC Supply Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 
to Vr:r: + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range - AL Device 
' TA 
-55to+125 
°c 
CLlCP Device 
-40 
to +85 


Storage Temperature Range 
Tstg 
-65 
to +150 
°c 


This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or 
electric fields; however. 
it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to 
this 
high impedance circuit. 
For 


proper operation 
it is recommended that Vin 
and Vout 
be constrained to the range VSS " 


Vin '" VCC and VSS" 
Vout" 
VOO· 


Unused inputs must always be tied to an 
appropriate 
logic 
level 
(e.g., 
either 
VS$ 
or 
VCCl. 


Vcc 
VDD 
T,ow. 
250C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
VOL 
- 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin ""0 V 
- 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
- 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


Vin'" 
VCC 
"1" Level 
VOH 
- 
5.0 
4.95 
- 
4.95 
5.0 
-- 
4.95 
- 
Vdc 


- 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" Level 
VIL 
Vdc 
(VOL z 1.0 Vdcl TTL-CMOS 
5 
10 
- 
0.8 
- 
1.3 
0.8 
- 
0.8 
(VOL z 1.5 Vdcl TTL-CMOS 
5 
15 
- 
0.8 
- 
1.3 
0.8 
- 
0.8 


(VOL z 1.0 Vdcl CMOS-CMOS 
5 
10 
- 
1.5 
- 
2.25 
1.5 
- 
1.4 


(VOL ~ 1.5 Vdcl CMOS-CMOS 
5 
15 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VOL - 1.5 Vdcl CMOS-CMOS 
10 
15 
- 
3.0 
- 
4.5 
3.0 
- 
2.9 


Input Voltage 
"1" Level 
VIH 
Vdc 
(VOH : 9.0 Vdc) TTL-CMOS 
5 
10 
2.0 
- 
2.0 
1.5 
- 
2.0 
- 


(VOH· 
13.5 Vdc) TTL-CMOS 
5 
15 
2.0 
- 
2.0 
1.5 
- 
2.0 
- 


(VOH: 
9.0 Vdcl CMOS-CMOS 
5 
10 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 


(VOH· 
13.5 Vdcl CMOS-CMOS 
5 
15 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 


(VOH: 
13.5 Vdc) CMOS-CMOS 
10 
15 
7.1 
- 
7.0 
5.5 
- 
7.0 
- 


Output Drive Current tAL Device) 
IOH 
mAdc 
(VOH • 2.5 Vdcl 
Source 
- 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
E 4.6 Vdcl 
- 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
- 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
- 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL· 
0.4 Vdcl 
Sink 
IOL 
- 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAdc 
(VOL: 
0.5 Vdcl 
- 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL - 1.5 Vdcl 
- 
15 
4.2 
- 
3.4 
8B 
- 
2.4 
- 


Output Drive'Current 
(CLlCP Device) 
IOH 
mAdc 
(VOH = 2.5 Vdc) 
Source 
- 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH - 4.6 Vdc) 
- 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH - 9.5 Vdc) 
- 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
- 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL z 0.4 Vdcl 
Sink 
IQL 
- 
5.0 
0.52 
- 
0.44 
OB8 
- 
0.36 
- 
mAdc 
(VOL - 0.5 Vdcl 
- 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
- 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (ALl 
lin 
- 
15 
- 
10.1 
- 
10.סס OO1 
10.1 
- 
11.0 
/JAdc 


Input Current 
(CLlCPI 
lin 
- 
15 
- 
10.3 
- 
10.00001 
10.3 
- 
! 1.0 
IJAdc 


Input Capacitance (Vin 
a: 0) 
Cin 
- 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Quiescent Current (AL Device) 
'Door 
- 
5.0 
- 
0.05 
- 
0.0005 
0.05 
- 
1.5 
J-lAdc 
(Per Package) 
ICC 
- 
10 
- 
0.10 
- 
0.0010 
0.10 
- 
3.0 
CMOS-CMOS 
Mode 
- 
15 
- 
0.20 
- 
0.0015 
0.20 
- 
6.0 


Quiescent Current fCLlCP Device} 
IOoor 
- 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
J,lAdc 
(Per Package) 
ICC 
- 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 
CMOS-CMOS 
Mode 
- 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15.0 


Quiescent Current (ALlCLlCP 
Device) 
100 
5.0 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
J,lAdc 
(Per Package) 
5.0 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 
TTL-CMOS 
Mode 
5.0 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15.0 


Quiescent Current tALlCLlCP 
Device) 
ICC 
5.0 
5.0 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 
mAdc 
(Per Package) 
5.0 
10 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 
TTL-CMOS 
Mode 
5.0 
15 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 


'TLOW 
= 
-55°C 
for AL Device, 
-40°C 
for CllCP 
Device 


THIGH 
= 
+ 125°C 
for AL Device, 
+ 85°C 
for CllCP 
Device 


EJ 


VCC 
VOO 
Limits 


Ch.r.cteristic: 
Symbol 
Shifting Mode 
Vdc 
Vdc 
Min 
Typ 
M•• 
Units 


Propagation Delay, High to Low 
tPHL 
TTL-CMOS 
5.0 
10 
- 
120 
280 
ns 


VOo> 
Vcc 
5.0 
15 
- 
'20 
280 
CMOS-CMOS 
5.0 
10 
- 
100 
240 


VOO> 
VCC 
5.0 
15 
- 
120 
240 
10 
15 
- 
50 
140 
CMOS-CMOS 
10 
5.0 
- 
160 
370 


VCC> 
VOO 
15 
5.0 
- 
160 
370 
15 
10 
- 
160 
- 


Propagation Delay. Low to High 
tpLH 
TTL-CMOS 
5.0 
10 
- 
200 
340 
ns 


VOO > VCC 
5.0 
15 
- 
160 
320 
CMOS-CMOS 
5.0 
10 
100 
340 


VOO > VCC 
5.0 
15 
- 
120 
340 
10 
15 
- 
50 
200 
CMOS-CMOS 
10 
5.0 
- 
160 
550 


VCC> 
VOO 
15 
5.0 
- 
160 
550 
15 
10 
- 
65 
290 


Output 
Rise and Fall Time 
tTLH, 
tTHL 
ALL 
- 
5.0 
- 
100 
200 
ns 
- 
10 
- 
50 
100 
- 
15 
- 
40 
80 
II 


u 
u 
" 
" 
~ 
~ 
w 
6 
w 
6 
" 
" 
<i 
<i 
... 
... 
.J 
.J 
0 
0 
> 
> 
... 
... 


Z 
4 
Z 
4 
0 
0 
.. 
.. 
I 
I 
3 
U 
U 
... 
... 
~ 
~ 
'" 
2 
'" 
... 
... 
VCC = 5 V 
:J 
:J 
.. 
.. 
~ 
~ 
.. 
.. 


'" 
'" 
> 
0 
> 
0 
0 
5 
10 
15 
20 
0 
5 
10 
15 
20 
VOO,SUPPLY 
VOLTAGE 
(Vdc) 
VOD. 
SUPPLY 
VOLTAGE 
(Vdc) 


u 
~ 
15 


w 
" 
<i... 
.Jo> 
10 
,. 
.J.... 
:J 
'"g 
5 
> 


~ 
2: 
15 


w" 
<i... 
.J 
o> 
10 
,. 
.J.... 
:> 
'"<5o> 


5 
10 
15 


VCC.SUPPLY 
VOLTAGE 
(Vdc) 


® MOTOROLA 


DUAL 2-WIDE. 
2-INPUT 
EXPANDABLE 
AND-OR-INVERT 
GATE 


The MC14506UB 
is an expandable 
AND-OR-INVERT 
gate 
with 
inhibit 
and 
3-state 
output. 
The 
expand 
option 
allows 
cascading with 
any other gate, which may be carried as far as 
desired as long as the propagation delay added with each gate is 
considered. For example, the second AOI gate in this device may 
be used to expand the first gate, giving an expanded 4-wide, 
2-input AOI gate. This device is useful in data control and digital 
multiplexing 
applications. 


• 
Quiescent Current = 2.0 nA/Package typical 
@ 5 Vdc 


• 
3-State Output 


• 
Separate Inhibit Line 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two 
Low-power 
TTL Loads. One Low- 
power Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range 


Aetint 
Symbol 
Value 
Unit 


I DC Supply Voltage 
VOD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


C LlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tug 
-65 to +'50 
°c 


AA 
1 


BA 
2 


CA 
3 


°A 
4 


EA 
5 


Inh 
6 


Dis 
'4 


EB 
t3 


DB 
12 


CB. 
11 


BB 
10 


AB 
9 


DUAL 
EXPANDABLE 
AND-OR-INVERT 
GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.<••m'ltSuff .. Donato. 


l 
Ceramic 
fteckege 


P 
Plastic 
P.ckege 
A 
Extended 
Operating 


Temperatur. 
Range 
e 
Limited 
Operating 
TemperetlJr. Range 


This device contains circuitry to protect 
the 
inputs against damage due to 
high 
static 
voltages 
or electric 
fields; 
however. 
it 
is advised that 
normal 
precautions 
be 
taken 
to avoid application 
of any voltage 
htgher 
than 
maximum 
rtrted voltage. 
to 
this 
htgh 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that V in and 
Vout 
be constrained 
to the 
range Vss '" 
(Vin or Vau') 
" 
VDD. 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., eith., 
VSS or VOOI. 


TRUTH 
TABLE 


A 
8 
C 
0 
E 
INHIBIT 
DlSA8LE 
Z 


0 
0 
0 
0 
1 
0 
0 
, 
0 
X 
0 
X 
1 
0 
0 
1 
0 
X 
X 
0 
1 
0 
0 
1 
X 
0 
0 
X , 
0 
0 
1 


X 
0 
X 
0 
1 
0 
0 
1 
1 
1 
X 
X 
X 
X 
0 
0 
X 
X 
1 
1 
X 
X 
0 
0 
X 
X 
X 
X 
0 
X 
0 
0 


X 
X 
X 
X 
X 
1 
0 
0 
X 
X 
X 
X 
X 
X 
1 
High 
lmpedence 


X ••• Don't 
Care 


II 


Voo 
Tlow . 
25°C 
Th· h' 


C;h.rK1.,istic 
Symbol 
Vdc 
Min 
MI. 
Mi" 
Typ 
MI. 
Mi" 
MI. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi" 
":.VOCorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
·0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
IVO " 4.5 or 0.5 Vdc) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(yo = 9.0 or 1.0 Vdcl 
10 
- 
2.0 
- 
4.50 
20 
- 
2.0 


IVO 713.5 
or 1.5 Vdc) 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


", •. Level 
VIH 
IVO = 0.5 or 4.5 Vdc) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vdc 
(VO 
0 1.0 or 9.0 Vdc! 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


IVO = 1.5 or 13.5 Vdc! 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 


IVOH 
= 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdc) 
5.0 
-0.64 
- 
'--0.51 
-0.88 
- 
-0.36 
- 
IVOH 
= 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICL/CP Device) 
IOH 
mAde 


IVOH 
= 2.5 Vde) 
Source 
5.0 
-25 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdc! 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-09 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vde) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current IAL Devicel 
lin 
15 
to.l 
to.OOOOl 
to.l 
t 1.0 
,.,.Adc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
t 0.3 
.- 
to.OOOOl 
to.3 
- 
t 1.0 
",Adc 


Input 
Capacitance 
Gin 
- 
.. 
- 
- 
5.0 
7.5 
- 
pF 


(Vin 
= 0) 


Quiescent Current (AL Devicel 
IDD 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
~Ade 
(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


QUiescent Current (CUe? Oevlc~1 
IDD 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
J,lAdc 


(Per Package) 
10 
- 
·8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply 
Current·· 
t 
IT 
5.0 
IT = 10.6 ~A/kHz) 
,+ 
IDD 
",Adc 


(Dynamic plus Ouiescent, 
10 
IT = (1.1 ~A/kHz)' 
+ IDo 
Per Package) 
15 
IT = I 1.7 ~AlkHz) 
,+ IDD 
(eL :: 50 pF on all outputs, 
all 
buffers switching) 


Three-State Leakage Current 
ITL 
15 
- 
to.l 
- 
-0.00001 
t 0.1 
- 
±3.0 
.uAdc 
(AL Device) 


Three-State Leakage Current 
ITL 
15 
- 
tl.0 
- 
- 0.00001 
t 1.0 
- 
± 7.5 
jJAdc 
ICLlCP Devicel 


9Tlow"" 
-SSoC for AL Device, -40oC for cuep 
Device. 


Thigh 
= +12SoC for AL Device. -tSSoC for CUC? 
Device. 


..t;Noiseimmunity 
spedfied 
for worst-ease input combination. 


NOise Margin for both "1" 
and "0" 
level = 1.0 Vdc min@ Vao 
= 5.0 Vdc 


2.0 Vdc min @lVDD 
"10 
Vde 


2.5 Vde min@lVDD 
"15 
Vdc 


tTo calculate total supply current at loads other than 50 pF: 


IT(CL! 
= IT(50 pF) + 2 x 10-3 
(CL -SO) VDD' 
where: IT is in.uA (per package), Ct. in pF, VOO in Vdc. and f in kHz is input frequency. 
··The 
formulas given are for the typical characteristics only at 25°C. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


12 


6 
11 


10 


B 
9 


Chw_iltlc 
Symbol 
Vaa 
Mln 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
nl 
tTLH· 
(3.0 nl/pF) CL + 30 nl 
6.0 
- 
100 
200 


tTLH· 
(1.6 nl/pF) CL + 16 nl 
10 
- 
50 
100 


tTLH· 
(1.1 nl/pF) CL + 10 nl 
16 
- 
40 
80 


Output Fall Time 
tTHL 
nI 
tTHL· 
(1.6 nl/pF) CL + 26 nI 
5.0 
- 
100 
200 
tTHL· 
(0.76 nl/pF) CL + 12.5 nl 
10 
- 
50 
100 
tTHL· 
(0.56 nl/pF) CL + 9.6 n. 
15 
- 
40 
80 
Data Propagation DelayTime 
tpLH 
nI 
tpLH· 
(1.7 n./pFI CL + 210 nl 
6.0 
- 
295 
580 
tPLH· 
(0.66 nl!pF) CL + 77 nl 
10 
- 
110 
225 
tPLH· 
(0.6 nl/pFI CL + 50 nI 
15 
- 
75 
180 


tpHL - (t.7 nl/pF) CL + 186 nl 
tpHL 
6.0 
- 
270 
480 
nl 
tPHL· 
10.66n./pF) CL + 62 nl 
10 
- 
95 
175 
tPHL· 
(0.6 nl/pFI CL + 40 n. 
15 
- 
86 
140 


EXPI!nd Propagation 
Delay Time 
tpLH 
nl 
tPLH • (1.7 nl/pF) CL + 95 nl 
6.0 
- 
180 
430 
tpLH • (0.66 nl/pF) CL + 42 n. 
10 
- 
75 
180 
tPLH • (0.5 n./pF) CL + 25 nl 
16 
- 
50 
126 


tpHL· 
(1.7 nl/pF) CL + 115 n. 
tpHL 
6.0 
- 
200 
330 
nl 
tpHL· 
(0.66 n./pF) CL + 47 n. 
10 
- 
80 
110 
tPHL· 
(0.6 n./pF) CL + 30 n. 
15 
- 
66 
90 


Inhibit 
Propagation 
Detay Time 
tPLH 
no 
tpLH· 
(t.7 n./pFI CL + 135 n. 
5.0 
- 
220 
500 
tpLH· 
(0.66 n./pFI CL + 67 n. 
\0 
- 
100 
226 
tPLH· 
(0.5 nl/pFI CL + 40 n. 
15 
- 
86 
180 


tpHL· 
(1.7 nl/pFI CL + 145 n. 
tpHL 
5.0 
- 
230 
400 
nI 
tpH L • (0.66 nalpF) CL + 62 n. 
10 
- 
95 
175 
tpHL· 
(0.5 nl/pF) CL + 36 no 
16 
- 
80 
150 


3.-5tatePr~tion 
Delay Time 


"1" to High Impedance 
tPHZ 
6.0 
- 
60 
150 
nI 
10 
- 
45 
110 
15 
- 
36 
90 
"0" to High Impedance 
tPLZ 
5.0 
- 
90 
226 
nl 
10 
- 
66 
140 
16 
- 
40 
100 
High Impedance to "I" 
tpZH 
6.0 
- 
110 
300 
nI 
10 
- 
50 
125 
16 
- 
40 
100 
High Impedance to "0" 
tpZL 
6.0 
- 
170 
425 
nI 
10 
~ 
70 
176 
15 
- 
50 
125 


16 


14 
~~ 
12 
"'..•.. 
10 
~ 
0> 
8.0 
•...~ 
•... 


60 
::>0 


0 
4.0 
> 


2.0 


, 


• 


_VOO'15Vdc 
I-- 


_b 
c 


10 Vdc 
-.b ••.•• 


-c 
Unused inputs - 
I 
connected 
to 
-. ' 
,SS I 
1- 
5.0 Vdc. 
b 
c_ 
a 
TA~+125IJC 


b TA'+250C 
- 


c, TA·,·55OC, 


16 


VOO • 15 Vdc 
I 
TA'"+1250C 


14 
b TA' 
+250C 
i 
c TA' 
-55°C 
~ 
12 
"' 
10Vdc 
..•.. 
10 
~ 
0 
aD 
> 
•... 
c 
~ 
60 
, 
A.oo B conntcted to Vin 
•... 
::> 
5.0 Vdc 
EllIlbfe input conntettd 
to 
0 
VOD- Othtr input. conn.c- 
., 
4.0 
il 
tld to Vss. 
> 


2.0 


0 
0 
2.0 
16 
o o 
~ 
w 
~ 
~ 
m 
u 
a 
~ 
Vin.INPUT 
VOLTAGE {Vdcl 


B 


II 


Voo 


16 


Voo 
Vout 
"00 


16 
20 n. 


ZA 
Disable 
Input 


"1 


1 k 


tpLZ 


52 
A 


-l-B 
Output 


•• 2.5V. Veo - 6 V, 


10 V, end 
15.V 


{ 


•• 211.1100- 
511 


••• 6 V. 
VOO 
- 
10 V 


10'" 
•• 
10 V • 
VOO 
- 
16 V 


---IIOL 


TEST 
51 
52 


tPLZ 
A 
A 
tpHZ 
B 
B 
tpZL 
A 
A 
tpZH 
B 
B 


~~ 
MOTOROLA 


II 


DUAL 4-BIT LATCH 


The MC 14508B dual 4·bit latch is constructed with MaS P-chan- 
nel and N·channel 
enhancement 
mode devices in a single mono- 
lithic 
structure. The part consists of two identical, independent 4·bit 
latches with 
separate Strobe (STI and Master Reset (MRI colltrols. 
Separate Disable inputs force the outputs 
to a high impedance state 
and allow the devices to be used in time sharing bus line applications. 
These complementary 
MaS 
latches find 
primary 
use in buffer 
storage, holding register, or general digital logic functions where low 
power dissipation 
and/or high noise immunity 
is desired. Additional 
characteristics can be found on the Family Data Sheet. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
High Fanout> 
50 
• 
Input Impedance = 1012 ohms typical 
•. 
3-State Output 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power 
TTL Loads, One Low-power 
Schottky 
TTL 
Load to Two HTL Loads Over the Rated Temper· 
ature Range. 


MA)(IMUM 
RATINGS 
(Voltagesreferencedto Vss) 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
A L DeVice 
TA 
-55 to +125 
°c 
.1--- 
CLlCP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


MR 
ST 
Disable 
03 
02 
01 
00 
03 
02 
01 
00 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
X 
X 
X 
X 
letched 
1 
X 
0 
X 
X 
)( 
X 
o 
I 
0 
010 
X 
X 
1 
X 
X 
X 
X 
High Impedance 


I 
I 
I 


(To other 
three latches) 


~''"'''' 
~ 
~~::~AMIC 
PACKAGE 
CASE623 


24~ 
PSUFFIX 


.' 
PLASTIC 
PACKAGE 
1 
CASE 
709 


.,,, 
.. ,, 11SUffilC. 
oenot •• 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
e Xl. oded 
Operating 
Temperatur. Range 
e 
Limited 
Operating 
Temperatur. 
Range 


BLOCK 
DIAGRAM 


1 
MR 
00 
5 
2 
ST 
3 
Ois 
01 


4 
DO 
6 
bl 
Q2 
9 


8 
02 
10 
03 
Q3 
11 


13 
MR 
17 
00 
14 
ST 
15 
Dis 
01 
19 
16 
00 
18 
01 
Q2 
21 


20 
02 
22 
03 
Q3 
23 


\tOO" 
Pin 24 
VSS· 
Pin 12 


Voo 
Tlow· 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 
Vin-VOOorO 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
'4.95 
- 
Vdc 
Vin '" a or Voa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(Va: 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO : 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"," 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO : 1.0 o. 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 o. 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current ICLlCP Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-036 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.3li 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL Devicel 
lin 
15 
- 
to.l 
- 
'0.00001 
to.l 
- 
± 1.0 
~Adc 


Input Current (CLlCP Device) 
lin 
15 
- 
± 0.3 
- 
'0.00001 
• 0.3 
- 
±1.0 
J.lAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 01 


Quiescent Current tAL Device) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0,015 
20 
- 
600 


QUIescent 
Current 
ICLlCP 
Device} 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
jJAdc 
(Per Package) 
10 
~ 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0,015 
80 
- 
600 
Total Supply Current--t 
IT 
5.0 
IT = (1.46 "A/kHz) 
f + 'DO 
J.lAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = (2.91 "A/kHz) 
f + 'DO 
Per Package) 
15 
IT = (4.37 "A/kHz) 
f + 'DO 
(CL 
-= 50 pF on all outputs, all 
buffers switching) 


Three-State Leakage Current 
ITL 
15 
- 
• 0.1 
- 
'0.00001 
± 0.1 
- 
±3.0 
JJ.Adc 
IAL Device) 


Three-State Leakage Current 
ITL 
15 
- 
.1.0 
- 
,0.00001 
• 1.0 
- 
• 7.5 
,uAdc 
(CLlCP Device) 


-Tlow'" 
-55°C for AL Device, -400C for CLlCP Device. 
Thigh'" 
+12SoC for AL Device, +850C for CLlCP Device. 


~Noise immunity 
spet:ified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level'" 1.0 Vdc mi.n@VDD 
..,5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min@VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 
IT(eLI 
= IT(5~pFI 
+8'. 1O-3(CL 
-501 VOOf 
where: IT is in JJA(per package), CL in pF, VOD in Vdc, and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 25°C. 


II 


All Typos 


Charect.istic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Ai. 
Time 
tTLH 
nl 


tlLH 
- 13.0 nl!pFI 
CL + 30 nl 
5.0 
- 
100 
200 


tTLH 
- 11.5 nl!pFI 
9L + 15 nl 
10 
- 
50 
100 


tTLH 
- 11.1 ns!pFI 
CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
nl 


tTHL' 
11.5 ns!pFI 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
- 10.75 ns!pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL' 
(0.55 nl!pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay 
Time 
tpLH. 
ns 


tpLH. 
tpHL 
• (1.7 nslpFI 
CL + 135 ns 
tPHL 
5.0 
- 
220 
440 


tPLH. 
tPHL 
• 10.66 ns!pFI 
CL + 57 ns 
10 
- 
90 
180 


tpLH. 
tpHL 
- 10.5 ns!pFI 
CL + 35 ns 
15 
- 
60 
120 


Marter 
R•.,t Pulse Width 
'WH(RI 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 


15 
70 
35 
- 


Strobe 
Pul •• Width 
'WHIS) 
5.0 
140 
70 
- 
ns 
10 
70 
35 
- 


15 
40 
20 
- 


Setup 
Time 
tsu 
5.0 
50 
25 
- 
ns 
10 
20 
10 
- 


15 
10 
5.0 
- 


Hold Time 
t'h 
5.0 
0 
0 
- 
ns 
10 
0 
0 
- 


15 
0 
0 
- 


3-5tate 
Propagation 
Delay Time 
tpHZ 
ns 
Output "1" 
to High Impedance 


tPHZ 
• 10.49 ns!pF) 
CL + 60.5 ns 
5.0 
- 
85 
170 
tpHZ 
• (0.29 ns!pF) 
CL + 35.5 ns 
10 
- 
50 
100 


tPHZ 
= (0.19 ns!pF) 
CL + 25.5 ns 
15 
- 
35 
70 


Output 
"0" 
to High 
Impedonce 
tPLZ 
ns 


tpLZ 
= 0.32 ns!pF) 
CL + 49 ns 
5.0 
- 
66 
130 


tPLZ 
- 10.29 ns!pFI 
CL + 25.5 ns 
10 
- 
40 
80 


tPLZ 
- 10.28 ns!pFI 
CL + 16 ns 
15 
- 
30 
60 


High 
Impodonco 
to "I" 
L•••••I 
tpZH 
ns 


tPZH 
• 10.41 ns!pFI 
CL + 64.5 ns 
5.0 
- 
85 
170 
tpZH 
• 10.31 ns!pFI 
CL + 34.5 ns 
10 
- 
50 
100 


tPZH 
• 10.~0 nslpFI 
CL + 20 ns 
15 
- 
35 
70 


High Impedonco 
to "0" 
Lovel 
tPZL 
nl 


tpZL 
• 10.49 ns!pFI 
CL + 60.5 nl 
5.0 
- 
85 
170 


'PZL 
• 10.29 ns!pFI 
CL + 35.5 ns 
10 
- 
50 
100 


tPZL 
- to.19 ns!pFI 
CL + 25.5 ns 
15 
- 
35 
70 


This device contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage due to 
high 
static 
voltages 
or electric 
fields: 
however. 


it is advised that 
normal precautions 
be 
taken to avoid application 
of any voltage 
higher than 
maximum 
rated voltages 
to 
this"high 
impedance 
circuit. 
For proper 
operation 
it is recommended 
that 
Vin and 


Vout be constrained 
to the range VSS 
'" 
(Vin or Voutl 
.;; VOO' 


Unused 
inputs 
must always 
be tied to an 
appropriate 
logic VOltage level le.g. 
either 
VSS or VOO). 


24 


23 


22 


4 
21 


5 
20 


6 
'9 


'8 


8 
17 


!l 
16 


'0 
15 


" 


14 


'2 
13 


yse 


WHIRI 


vOO 
Ma5ter 
Reset 


Input 
50% 
VSS 


~ 


VOH 


an Output 
---VOL 


TEST 
STl 
ST2 
ST3 
ST4 
'PHZ 
OPEN 
CLOSE 
CLOSE 
OPEN 
'PLZ 
CLOSE 
OPEN 
OPEN 
ClOSe 
'PZl 
Close 
OPEN 
OPEN 
CLOSE 
'PZH 
OPEN 
CLOSE 
CLOSE 
OPEN 


-2.5VOVOO""SV, 


lC 


P 
ZH 


10 V. and 15 V 


{ 


lltl 
2V 
(f)VOOZ< 
5V 


- 
6 V ell ViOD 
'" 10 V 


-10VOVOO-15V 


___ 
""1..:0"''''-' 
VOL 


B 


--=:: 


1/2 
MC14BOSE 


'00 
- 
-ITL 


1/2 
r,.C146OSB 


'TL- 


~ 


1/2 
MC14BOSE 


'TL- 
'L 
~ 
t'L 
~ 


BUS 
LINES 


3-STATE MODE OF OPERATION 


The 
MC145088 
can be used in busud 
systems 81 shown. 


The output 
terminate of N 4-bit 
latches cen be directly 
wired to a 
bus line, 
and. to one of the 4-bit latchn .Iected. The selected 
letch 
control, 
the 
logic Itat. 
of the bus line, and the remelning 
(N·II 4~it 
latch ••••.• 
disabled 
Into. 
high Imped.nce 
"off" 
.,.t •. 
Tha number 
of latch •• , N, which 
may be connected 
to 8 bus line i, 
determined 
from 
the output 
drive 
current. 
100. 
the 3-state or 
disabled 
output 
leakllflll currant. 
ITL •• nd the 
load curr.nt. 
IL. 


required 
to 
drive the bus line 
fincluding 
fanout 
to other device 
inputl).nd 
can be calcul.ted 
by the following: 


N. 100 -IL 
+ I 
ITL 


N must 
be 
calculated 
for 
both 
high and 
low 
logic states of the 
bus line. 
II 


TYPICAL 
3-STATE 
APPLICATIONS 


EXAMPLE 
I 


® MOTOROLA 


The MC14510B 
BCD up/down 
counter is constructed 
with MOS 
P-channel and N-channel 
enhancement 
mode devices in a single 
monolithic 
structure. 
The counter consists of type D flip-flop 
stages 
with 
a gating structure 
to provide type T flip-flop 
capability. 
The 
counter 
can be cleared by applying 
a high level on the Reset line. 


This complementary 
MOS counter finds primary use in up/down and 
difference 
counting 
and frequency 
synthesizer applications 
where 
low power dissipation 
and/or 
high noise immunity 
is desired. It is 
also useful in A/D and D/A conversion and for magnitude and sign 
generation. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5.0 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to lB Vdc 


• 
Low Input Capacitance - 
5.0 pF tV:Pical 


• 
Internally 
Synchronous for High Speed 


• 
Logic 
Edge-Clocked 
Design - 
Count Occurs on Positive Going 
Edge of Clock 


• 
5.Q-MHz Counting Rate 


• 
Asynchronous 
Preset Enable Operation 


• 
Capable of Driving Two Low-power 
TTL Loads. One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5to'18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 to VDD • 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to '125 
°c 
CLlCP Device 
-40 to '85 


Storage Temperature 
Range 
Tug 
-65 to '150 
°c 


PRESET 
CARRY IN 
UP/DOWN 
ENABLE 
RESET 
ACTION 


I 
X 
0 
0 
No Count 
0 
I 
0 
0 
Count UP 
0 
0 
0 
0 
Count 
Down 


X 
X 
I 
0 
Pr_ 


X 
X 
X 
I 
R ••• t 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


PSUFFIX 
PLASTIC PACKAGE 


CASE M8 


8LOCK DIAGRAM 


PE 
01 
6 
5 
terry 
In 
9 
R 
Q2 
11 


10 
Up/Down 


15 
Clock 
03 
14 


4 
PI 


12 
P2 
04 


13 
P3 


3 
P4 
c~ 
Out 


VOO" 
Pin 
16 


VSS 
- 
Pin 8 


B 


Voo 
Tlow , 
25°C 
Th''''' 


Ch.recteristic 
Symbol 
Vdc 
Min 
Ma. 
Mi" 
Typ 
Max 
Mln 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vi" 
=- VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin' 
Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO' 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Vo • 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" 
Level 
VIH 
IVO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
CAL Device) 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IVOH - 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-88 
- 
-2.4 
- 


(VOL - 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CL/CP Deval 
IOH 
mAde 
IVOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-42 
- 
-1.70 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
IVOL • 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
to.l 
- 
to.0OOOl 
±0.1 
- 
± 1.0 
jJAdc 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
± 0.3 
.- 
±0.00001 
±0.3 
- 
tl.0 
J.lAdc 


It"put 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin' 
01 


Quiescent Current 
(AL Devicel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
",Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(eLlep 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
",Adc 
(Per Pack_I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current·-t 
IT 
5.0 
IT • (0.58 "A/kHz) 
f + IDO 
",Adc 
{Dynamic 
plus Quiescent, 
10 
IT - (1.2 "A/kHz) 
f + 'DO 
Per Package) 
15 
IT· 
(1.7 "AlkHzl 
f + 100 
ICl ::50 pF on all outputs, all 
buffers switchingl 


-Tlow 
z -5SoC for AL Device, -40oC 
for CL/CP 
Device. 


Thigh 
=< +12SoC for AL Oevice. +850C 
for CL/CP 
Device. 


#Noise immunity 
specified for worst·case input combination. 


Noise Margin for both "1" and "0" level 
0= 1.0 Vdc min@VOD 
0= 5.0 Vdc 
2.0 Vdc min @ VOO 
• 10 Vdc 
2.5 Vdc min@ VOO 
• 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'TICLI 
• IT(50 pFI + 1 • 10-3 (CL -50) VOO' 
where: IT is in IlA (per package). CL in pF. VOO in Vdc. and f in kHz is input frequency . 


• ·The 
formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry 
to protect 
the inputs egainst damage due to high static voltages or electric fiek:ls; however, it is ad- 


viled thllt nor".1 
pr8Cllutions be taken to lvoid 
Ipplicetion 
of any voltage higher than meximum 
rated voltages;to this high im· 


.-dance circuit. 
For proper operation 
it is recommended 
that 
Vin and Vout be constrained to the range Vss .;;;(Vin or Vout} 
<VOO· 
Unused inputs mull 
alwlYs be tied to an appropriltelogic 
voltage level (e.g.. either Vss or VOOJ. 


AIITylN'l 


Ch.r-et.istic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
nl 
tTLH: 
13.0nslpFI CL + 30 n. 
5.0 
- 
100 
200 


tTLH 
= 11.5nl/pFI CL +15 nl 
10 
- 
50 
100 


tTLti 
: 11.1nslpFI CL + 10 no 
15 
- 
40 
80 


Output 
Fall Tina 
'THL 
nl 
'THL: 
11.5nslpFI CL + 25 n. 
5.0 
- 
100 
200 
tTHL' 
10.75nslpFI CL + 12.5 n. 
10 
- 
50 
100 
tTHL.· 
10.55n./pFI CL + 9.5 nl 
15 
- 
40 
80 


Propagation Delay Time 
'pLH. 
nl 
Clock 10 Q 
'PHL 
'PLH. 'PHL • 11.7nrJpFI CL + 230 ns 
5.0 
- 
315 
630 
'pLH. 'PHL = 10.66nl/pFI CL + 97 n. 
10 
- 
130 
260 


'PLH. 'PHL = 10.5nslpFI CL + 75 n. 
15 
- 
100 
200 


Clock to Carry Out 
'pLH. 
ns 
'pLH. 'PHL = 11.7hslpFI CL + 230 ns 
'pHL 
5.0 
- 
315 
630 
'PLH. lPHL = 10.66ns/pFI CL + 97 nl 
10 
- 
130 
260 
'PLH. 'PHL • 10.5nl/pFI CL + 76 nl 
15 
- 
100 
200 


Carry 
In to Carry 
Out 
'pLH. 
nl 
'pLH. 'pHL = 11.7nslpFI CL + 96 nl 
'pHL 
5.0 
- 
180 
360 
'PLH. 'PHL • 10.66nl/pFI CL + 47 ns 
10 
- 
80 
160 
'PLH. 'pHL ~ 10.5n./pFI CL + 35 n. 
15 
- 
60 
120 


Preset or Reset to Q 
'pLH. 
nl 
'PLH. 'PHL • 11.7nsipFI CL + 230 n. 
'PHL 
5.0 
- 
315 
630 
'PLH. 'PHL = 10.66ns/pFI CL + 97 nl 
10 
- 
130 
260 
'PLH. 'PHL • 10.5nsipFI CL + 76 no 
15 
- 
100. 
200 


Preset or Reset ot CiffY'15Ut 
'pLH. 
nl 
'pLH. 'pHL • Ih7 nsipFI CL +465 n. 
'PHL 
5.0 
- 
550 
1100 
'PLH. 'PHL • 10.66nl/pFI CL + 192 ns 
10 
- 
225 
450 
'PLH.'PHL: 
10.5•• /pFI CL + 125 nl 
15 
- 
150 
300 


Clock Pulse Wid'h 
'WH 
5.0 
350 
200 
- 
nl 
10 
170 
100 
- 
15 
140 
75 
- 


Clock 
Pulse" Frequency 
fel 
5.0 
- 
3.0 
1.11 
MHz 
10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


P,resetor Rnet Removal Time-· 
trem 
5.0 
8150 
325 
- 
n. 
10 
230 
115 
- 
15 
180 
90 
- 


Clock Rise and Fall Time 
tTLH. 
5.0 
- 
- 
15 
In 
tTHL 
10 
- 
- 
5 


15 
- 
- 
4 


Carry 
11"1 Setup Time 
tlU 
5.0 
200 
130 
- 
nl 
10 
120 
60 
- 
15 
100 
50 
- 


Up/Down 
Setup Time 
'ou 
5.0 
800 
250 
- 
nl 
10 
200 
100 
- 
15 
178 
75 
- 


Preset Enabie Pulse ~idth 
. 
'WH 
5.0 
200 
100 
- 
nl 
10 
100 
50 
- 
15 
80 
40 
- 


II 


II 


Programmable 
Pulse 
Generator 


Carry In 


R 
Q2 


Up/Down 


Clock 
03 


tWH 
tou 


Carry 
In or 
VOO 
Up/Down 
VSS 


Clock 
50% 
VOO 


tWH 


"'SS 


VOO 
Pr •• 
t Enable 
VSS 


Carry 
Out only 
tTLH 


90% 
------- - 
VOH 
01 
or Carry 
Out 
10% 
VOL 


tTHL 
tPHL 
tpLH 


IL L.h-"1.. "1.. "1.. "1.. rL.ILh-"1.. 1:.rL.rL "1.. "1.. 


""l.. 


n..n.. "1.. "1.. "1.. "1.. 
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h 
rlI-- 
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-; 
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I.....- - - 
'-- - = - = 
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~ 
- 
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a 
1 
2 
3 
4 
5 
6 
1 
8 
9 
8 
7 
6 
5 
4 
3 
2 
1 
a 
a 
9 
II 
7 
a 


5NVin 


Up/Down 


II 


11 


PE 
~ 
- --- 
Cin 
~ 


Clock 
L.S.O. 
Clock 
M.S.O. 


MC1~510B 
MC1~510B 
U/O 
U/O 


R 
Pl 
P2 
P3 
P~ 


CIO~ 
+VOO 
R •• 
t 


Open 
- 
Count 


Clock 
(fin) 


~t 
+VOO 


Op••.. - Count 


Anistors" 
10 kn 


fin 
fout- n 


® MOTOROLA 


The 
MC14512B 
is an 8-channel 
data 
selector 
constructed 
with 
MOS 
P-ehannel 
and 
N-channel 
enhancement 
mode 
devices 
in a 
single 
monolithic 
structure. 
This 
data 
selector 
finds 
primary 
appl i- 


cation 
in signal 
multiplexing 
functions. 
It may 
also 
be 
used 
for 
data 
routing, 
digital 
signal 
switching, 
signal 
gating, 
and 
number 
sequence 
generation. 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typical 


• 
Diode 
Protection 
on All Inputs 


• 
High Fanout> 
50 
• 
Single 
Supply 
Operation 
- Positive 
or Negative 


• 
3-State 
Output 
(logic 
"1 ", logic 
"0", 
High Impedancel 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
low·power 
TTl 
loads, 
One low-power 
Schottky 
TTl 
load 
or TWQ HTlloads 
Over the Rated 
Temper- 
ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supplv Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-05 '0 VDD + 0.5 
Vdc 


DC 
Current 
oralO 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 to +125 
°c 
CL'CP 
DeVice 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


C 
B 
A 
INHIBIT 
DISABLE 
Z 
0 
0 
0 
0 
0 
Xo 
0 
0 
I 
0 
0 
XI 
0 
I 
0 
0 
0 
X2 
0 
I 
I 
0 
0 
X3 


I 
0 
0 
0 
0 
X4 
I 
0 
I 
0 
0 
X5 
I 
1 
0 
0 
0 
X6 


1 
I 
I 
0 
0 
X7 


¢> 
¢> 
¢> 
I 
0 
0 


¢> 
¢ 
¢> 
¢ 
I 
High 
Impedance 


L SUFFIX 


CERAMIC 
PACKAGE 


CASe 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


~ 


SU~f;:~::;:t::Ck'" 
t: P 
Plestic 
Package 


A 
Extended 
Operlting 
Temperetur. 
Ringe 
e 
Limited 
Operating 


Temperatur. 
AInu- 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs against 
damage 
due to high 
static voltages 
or electric 
fields: however, 


it is advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that 
Vin and 


Vout 
be constrained 
to the range 
VSS.ae;;;; 


(Vin or Voutl~ 
VOO· 
Unused 
inputs 
must 
always 
be tied to an 
appropriate 
logic voltage 
level (e.g. either 


VSS or VDD)' 


II 


VDD 
Tlow. 
nOc 
Thi"'· 


Ch.,8Cteriltic 
Symbol 
Vde 
Min 
MIX 
Min 
Typ 
MIX 
Min 
MIX 
Unit 


Output 
Voltage 
"0" llvel 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.06 
Vdc 


Vin - VDD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
0.05 
0 
0.05 
0.05 


"I" level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin-OorVDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
14.95 
15 
- 
14.95 
- 
Input Voltlge# 
"0" level 
Vil 
Vdc 
(VO - 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO- 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO -13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
8.75 
4.0 
- 
4.0 
"I" level 
VIH 
Vde 
(VO- 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO- 1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO- 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
tAL Device) 
IOH 
mAde 
IVOH- 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH- 4.8 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
IVOH - 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.26 
- 
-0.9 
- 
(VOH· 13.5 Vde) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL - 0.4 Vdcl 
Sink 
IOl 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.38 
- 
mAde 
(VOL- 0.5 Vdcl 
10 
1.8 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL- 1.5 Vdc) 
15 
4.2 
- 
3.4 
8B 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH- 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH- 4.8 Vde) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH- 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH- 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(VOL - 0.4 Vdc) 
Sink 
IOl 
5.0 
0.52 
- 
0.44 
OB8 
- 
0.38 
- 
mAde 
(VOL- 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL -1.5 Vdc) 
15 
3.6 
- 
3.0 
ltB 
- 
2.4 
- 


Input Current 
(AL Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
t 1.0 
"Adc 
Input Currlnt (Cl/CP Device) 
tin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
t 1.0 
"Adc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin -0) 


Quiescent Current 
(AL Device) 
IDD 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
"Adc 
(PerPecklge) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
_. 
0.015 
20 
- 
800 


Quiescent Current 
(CL/CP 
Device) 
IDD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
"Ade 
(Per Plckege) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
800 


Totel Supply CUJrent**t 
IT 
5.0 
IT - (OB "A/kHz)f + IDD 
"Ade 
(Dynamic 
plus QUilsee",t. 
Per Package) 
10 
IT- (1.6"A/kHz)f+ 
IDD 
(Cl - 50 pF on III outpUt., ell buffe•• 
15 
IT - (2.4 "A/kHz) f + IDD 
switching) 


Thr •• .stete Leakage Current 
ITl 
15 
- 
to.l 
- 
to.00001 
to.1 
- 
t3.0 
"Ade 
(Al Device) 


Three-Stete 
Leakage Current 
ITl 
15 
- 
t 1.0 
- 
.0.ססoo1 
.1.0 
- 
.7.6 
"Ade 
(Cl/CP Device) 


"Tlow - -55°C for Al Device,-40°C for Cl/CP Divici. 
Thigh - +125°C for Al Device,+85oC for Cl/CP Device. 


·#Noise immunity 
speciti,ed for worst-ca •• input combination. 
Noi•• Mlrgin for both "I" Ind "0" level -1.0 Vdc min@ VDD- 5.0 Vdc 
2.0 Vdc min @VDD - 10 Vdc 
2.5 Vdc min@ VDD-15 Vdc 


'tTo Clleul.t' total supply 
current at loedl other than 50 pF: 


'T(Cl) - IT(50 pF) + 1 X 10-3 (Cl - 50) VDDf 
where: IT i. in "A (per peckege).Cl in pF, VDD in Vdc. Ind f in kHz i. input f••quency. 
• -The formula. given ere for the typiCilI chwecteriltJcl 
only It 2SoC. 


AlITy_ 
Characteristic 
Symbol 
Voo 
Typ 
Mo. 
Unit 
Output Ri. Time 
tTLH 
ns 
tTLH • (3.0 ns/pF) CL • 25 n. 
5.0 
100 
200 


tTLH • (1.5 ns/pFI CL • 12 n. 
10 
50 
100 


tTLH· 
11.1n./pFI CL • 8 n. 
15 
40 
80 
Output FlU Time 
tTHL 
n. 
tTHL • (1.5 n./pF) CL • 47 n. 
5.0 
130 
200 
tTHL • 10.75 nolpFI CL • 24 n. 
10 
65 
100 
tTHL - (0.55.n./pFI CL • 17 n. 
15 
50 
80 
Turn.()ff DoleyTiml 
tPLH 
n. 
tPLH - (0.9 n./pF) CL • 211 ns 
5.0 
330 
650 
tpLH - (0.3 n./pF) CL • 70 ns 
10 
125 
250 
tpLH - (0.23 nolpFI CL • 54 n. 
15 
85 
170 


Turn-Qn DeilY Time 
tPHL 
n. 
tPHL -12.7 ns/pFI CL • 184 ns 
5.0 
330 
650 
'PHL - (0.9 n./pF CL • 61 n. 
10 
125 
250 
'PH L - (0.68 ns/pFI CL • 47 n. 
15 
85 
170 
3·State Output pelay Times 
tpHZ. tPLZ. 
5.0 
60 
150 
n. 


"1" or "0" to High Z. and 
tPZH. tpZL 
10 
35 
100 
High Z to "1" or "0" 
15 
30 
75 


v;n~o 
••• 
50% 


--Duty 
- 
Cycle 


Gnd 
VOD 
P.G. Voo 
Gnd 
P.G. 


II 


II 


1 
Output 


- 
Vss 


Switch 
Position. 
for 3·Stet. 
Test 


TEST 
SI 
S2 
S3 
S4 


tPHZ 
Open 
CIONd 
CIONd 
Open 
tPLZ 
Cloted 
Open 
Open 
CIOted 


tpZL 
CIOted 
Open 
Open 
CIONd 


tpZH 
Open 
Clo.ed 
Clo.ed 
Open 


LOGIC 
OIAGRAM 


13 
C 
12 
B 
11 
A 
1 
XO 


_lo~ 
~ 
'"T~'"~rout 


Trentm :'IO~ 
""T;- 


a••• 


tpZL 


90" 
VOH 


VOL{~2.5V(§)Voo· 
5V, 


tpZH 
10 V. end 15 V 


{ 


~ 
2V,.VOO- 
5V 
VOH 
:It: 
6VOVOD:'" 
10V 
10% 
-10V(DVOO"-15V 
---VOL 


I 
3-STATE 
MOOE 
OF OPERATION 


Output 
terminals 
of leveral 
MC14512B 
a·Bit 
Data 
Selectors 
can 
be 
connsct8f;l 
to 
8 
single 
data 
bus 
8S shown. 
One 
MC14512B i, .lected 
by the 3-.tete 
control, 
and 
the 
remaining 
devices 
ar. 
disabled 
into 
a high -impedance no"" 
state. 
The number 
of S-bit data selectors, 
N. that 
may be connected 
to 8 bus line 
is determined :from 
the 
output 
drive 
current, 
100. 3-state 
or diSllble 
output 
leakage 
current, 
ITL. 
and 
the 
load 
current, 
I L. 
required 
to 
drive 
the 
bus 
line 
(including 
fanout 
to 
other 
device 
inputs), end can be calculeted by: 


N .100 -IL+ 
1 
• 
ITL 


N must be catculeted for both high end 
low logic stet. of the bus Iin•. 


® MOTOROLA 
MC14514B 
MC14515B 


The MC14514B and MC14515B are two output options of a 4 to 
16 line decoder with latched inputs. The MC14514B (output active 
high option) presents a logical "I" 
at the selected output, whereas 
the MC14515B (output active low option) presents a logical "0" at 
the selected output. The latchtls are R-S type flip-flops which hold 
the last input data presented prior to the strobe transition from "I" 
to "0". These high and low options of a 4-bit latch/4 to 16 line de- 
coder are constructed 
with N-channel and P-channel enhancement 
mode devices in a single monolithic structure. The latches are R·S 
type flip-flops and data is admitted 
upon a. signal incident at the 
strobe input, decoded, and presented at the output. 


These complementary .circuits find primary use in decoding appli- 


cations where low power dissipation and/or high noise immunity is 
desired. 
. 


• 
Quiescent Current = 5.0 nA package typical @ 5 Vdc 
• 
Noise Immunity = 45% of VDD typical 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 
• 
Single Supply Operation - Positive or Negative 
• 
Input Impedance = 1012 ohms typical 


4-BIT TRANSPARENT LATCH/4- TO-16 
LINE DECODER 
II 


L SUFFIX 


CERAMIC 
PACKAGE 


CA5E 
623 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-{).5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pm 
I 
10 
mAde 


Operating Temperature 
Range - 
AL DeVice 
TA 
-55 to +125 
°c 
CLlCP 
DeVice 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Oat. 1 
A 


3 
ransparen 
B 
Data 2 


21- 
Latch 
C 
Data 3 


0.••4 
22 
0 


JUicD 
ABCD 
ABeD 
ABCD 
ABCD 
ABCD 
ABCD 
ABeD 
ABCD 
ABCD 
ABCD 
ABeD 
ABCD 
ABeD 
ABCD 
ABeD 


OROERING INFORMATION 


MO' ••••• 
11SUffiX 
Oenot •• 


L 
C.ramic 
Package 
P 
Pt.'tic: Packag. 
A 
Extended 
Operat,ng 
Temperatur. 
Rano_ 
e 
Limited 
Operating 


Temperatur. 
Range 


DATA INPUTS 
SELECTED OUTPUT 


MC14514· 
Logic ."" 


INHIBIT 
D 
C 
B 
A 
MC,45,5'" 
Logic "0" 


0 
0 
0 
0 
0 
50 
0 
0 
0 
0 
, 
5' 
0 
0 
0 
, 
0 
52 
0 
0 
0 
1 
1 
53 
0 
0 
, 
0 
0 
54 
0 
0 
1 
0 
1 
55 
0 
0 
, 
, 
0 
56 
0 
0 
1 
1 
1 
57 


0 
, 
0 
0 
0 
58 
0 
1 
0 
0 
1 
59 
0 
1 
0 
1 
0 
510 
0 
, 
0 
1 
1 
511 


0 
1 
1 
0 
0 
512 
0 
1 
1 
0 
1 
513 


0 
1 
1 
1 
0 
514 
0 
1 
1 
1 
1 
5'5 
1 
X 
X 
X· 
X 
AH Outputs 
-0. 
MC14514 
All OutputS"l,MC14515 


B 


- 
Voo 
TI_ . 
25°C 
Th ••••• 


Characteristic 
Symbol 
Vd. 
Min 
MIx 
Mi" 
Typ 
MIx 
Mi" 
MIx 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage#: 
"0" 
Level 
VIL 
Vdc 


IVO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO = 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdc) 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
. - 
11.0 
- 


Output Drive Current (AL Device) 
IOH 
mAde 


(VOH = 2.6 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdel 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdc) 
15 
-1.8 
-1.5 
-3.5 
-1.1 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vd.1 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


IVOL 
= 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
1VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
±0.1 
- 
to.00001 
to.1 
- 
t 1.0 
",Adc 


Input 
Current 
ICL/CP 
Device) 
lin 
15 
- 
to.3 
- 
to.00001 
to.3 
- 
t1.0 
",Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


1Vin = 01 


, Quiescent Current (AL Device) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,.,.Adc 


(Per Packagel 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CLlCP Device) 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
JJAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current-· 
t 
IT 
5.0 
IT =(1.35 
~A/kHzl 
f + 100 
~Adc 
(Dynamit 
plus Quiescent, 
10 
IT =12.70 ~A/kHzl 
f + 'DO 
Per Package) 
15 
IT =14.05 ~A/kHzl 
f + 100 
leL 
= 50 pF on all outputs, 
all 
buffers switching) 


-Tlow 
= -5SoC for AL Device. -40oC for CLlCP Device. 


Thigh'" 
+'2SoC for AL Device, +8SoC for CLlCP Device. 
~Noise immunity 
spe<.:ifiedfor worst-case input combination. 


Noise Margin for both "'" 
and "0" level '" 
1.0 Vdc min@ VOO 
= 5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min@VOO 
= 15 Vdc 


tTo calculate total supply current at loads other than SOpF: 
ITICL) 
= IT(50 pFI 
+ 2 x 10-3 (CL -50) VOO' 


where: IT is in JlA (per package). CL in pF, VOO in Vdc, 
and f in kHz is input frequency . 
• -The formulas given are for the typical Characteristics only at 2SoC. 


This device contains circuitry 
to protect 
the inputt 
against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid 
application 
of 
any voltage higher than maximum 
rated voltages to this histl 
impedance circuit. 
For proper operation 
it 
is recommended that 
Vin 
and Vout 
be 
constrained to the range VSS <: (Vin or Vout) <: VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either 
Vss 
or VOO)' 


All Types 


Ch.ecteristic 
Symbol 
VOD 
Min 
Typ 
Max 
Unit 


OutPut 
Rise Time 
tTLH 
n. 
tTLH - (3.0 ns/pFI CL + 30 n. 
5.0 
- 
180 
360 
tTLH - (1.5 n./pFI CL .• 15 n. 
10 
- 
90 
180 
tTLH - (1.1 ns/pFI CL + 10 n. 
15 
- 
65 
130 


OUlput Fall Tim. 
tTHL 
n. 


.tTHL - (1.5 n./pFI CL + 25 n. 
5.0 
- 
100 
200 
tTHL - (0.75 ns/pFI CL + .l2.5 n. 
10 
- 
50 
100 
tTHL c (0.55 n./pF) CL + 9.5 n. 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH. 
n. 
lpLH. tpHL : (1.7 ns/pF) CL + 465 n. 
tPHL 
5.0 
- 
550 
1100 
tPLH. tPHL - (0.66 n./pF) CL + 192 n. 
10 
- 
225 
450 
tPLH. tpHL : (0.5 ns/pFI CL + 125 n. 
15 
- 
150 
300 


Inhibit 
Propagation 
DeilY 
Times 
tpLH. 
n. 
tpLH. tpHL c (1.7 ns/pFI CL + 315 n. 
tPHL 
5.0 
- 
400 
800 
tpLH. tPHL - (0.66 n./pFI CL + 117 n. 
10 
- 
150 
300 
tpLH. tPHL - (0.5 n./pF) CL + 75 n. 
15 
- 
100 
200 


Setup 
Time 
t.u 
n. 
5.0 
250 
125 
- 
10 
100 
50 
~ 
15 
75 
38 
- 


Strobe Pulse Width 
tWH 
n. 
5.0 
350 
175 
- 
10 
100 
50 
- 


15 
75 
38 
- 


For 
MC'''5'4B 


1. 
For P·chenn.l: 
Inhibit 
- VSS 
end 0' 
- 04 
con.titute 
binary code for "output 
under 
te.t." 


2. 
For N-chennel: 
Inhibit 
- VOO 


For MC145158 


1. 
For P-chenn.l: 
Inhibit 
- Veo 
2. 
For N-chennel: 
Inhibit 
- 
VSS 
end 01-04 
con.titute 
binary 
code for "output 
under te.t." 


II 


II 


Output 
so 


OutputS1 
tTLH 
tTHL 


Inhibit 
: CLI ICL 


Input 
01 
1-=-= 
Programable 
I 
Pul•• 
I 
Generetor 
02 
I 
I 
Output 


03 
I 
VSS 
I 
I 
OutputS15 
tTLH 
tTHL 
l 
CL 


PIN ASSIGNMENT 


24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 


18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


3-260 


ABED 
11 50 


ABCD 
9 
51 


ABED 
10 52 


ABED 
B 
53 


ABCD 
7 
54 


ABCD 
6 
55 


ABCD 
5 
56 


ABCD 
4 
57 


AllcD 
1B 58 


AlicD 
17 59 


ABCD 
20510 


ABED 
19511 


AllcD 
14512 


AlicD 
13513 


ABCD 
16514 


ABCD 
15515 


II 


Two MC14512 
eight~h8nnel 
data 
selector, 
are used here with 
the 
MC145148 
four-bit 
latch/decoder 
to effect 
a complex 
data 
routing system. 
A total of 16 inputs from data registers are selec- 
ted end trlnsferred 
vi. I 3-lt8t8 
data 
bus to • data distributor 
for 
rearrangement and entry into 16 output registers. In this wwy 
sequential 
data can be r.routed 
or intermixed 
according 
to patterns 
determined by data select and distribution 
inputs. 
Data is placed into the routing scheme via the eight inputs on 
both MC14512 data selectors. 
One register is assigned..tQ each 
input. 
The signals on AO. A 1, and A2 choose one of eight inputs 
for transfer out to the 3-state data bus. A fourth signal, labelled 
Ois, disables 
one 
of the 
MC14512 
selectors, 
assuring 
transfer 
of 
data from onlv one register. 


In addition 
to a choice of input registers. 
1 thru 
16, the rate of 
transfer 
of the sequential 
information 
can also be varied. 
That is. 


if the MC14512 
were addressed 
at a rate that 
is eight times faster 


than 
the shift frequency 
of the input registers, 
the most significant 
bit (MSB) from each register 
could 
be selected 
for transfer 
to the 
data 
bus. 
Therefore, 
all of the most significant 
bits from all of the 
registers 
can 
be transferred 
to the data 
bus before 
the next 
most 
significant 
bit is presented 
for transfer 
by the input 
registers. 


Information 
from 
the 
3-11:8te bus 
is redistributed 
by 
the 
MC14514B 
four-bit 
latch/decoder. 
Using the four-bit 
Oddr•••• 
01 
thru 
04, 
the 
information 
on the inhibit 
line can be transferred 
to 
the addressed 
output 
line to the desired 
output 
registers, 
A thru P. 


This distribution 
of data 
bits to the output 
regilt.rs 
can be made 
in many complex 
patterns. 
For example, 
all of the molt 
significant 
bits from 
the 
input 
registers 
can be routed 
into output 
regilter 
A. 
all of the 
next 
most 
significant 
bits 
into 
register 
B. etc. 
In this 
way 
horizontal, 
vertical, 
or other 
methods 
of data 
slicing can be 
implemented. 


Dete 
{ 
Select 


AO A; A2 
DO 
Q 


01 


02 
'" 
03 
~ 


D4 
u 
05 
::! 


06 


07 


Data 
Distribution 
~ 


01020304 
50 


51 
52 


53 
54 
55 
56 
57 


58 
59 


510 


511 
512 


513 


Inhibit 
S14 


515 


® MOTOROLA 


The MC14516B is constructed with MOS P·channel and N·channel 
enhancement mode devices in a single monolithic 
structure. This 
complementary 
MOS circuit 
finds primary use where low power dis- 


sipation and/Or high noise immunity 
is desired. 


This 
binary 
presettable 
up/down 
counter 
may 
be used as a 
counting/frequency 
synthesizer, 
in A/D 
and D/A 
conversion, 
for 
up/down 
counting, 
for magnitude and sign generation, and for dif· 
ference counting. 


• 
Quiescent Current = 5.0nA/package typical @ 5.0 Vdc 


• 
Noise immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 
5.0 pF typical 


• 
Internally Synchronous for High Speed 


• 
Logic Edge·Clocked Design - 
Count Occurs on Positive Going 
Edge of Clock 


• 
5.0·MHz Counting Rate 


• 
Single Pin Reset 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper· 


ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.510+18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
to 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 '0 +'25 
°c 


CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
TS19 
-65'0+'50 
°c 


PRESET 


CARRY 
IN 
UP/OOWN 
ENABLE 
RESET 
ACTION 


1 
X 
0 
0 
No Count 
0 
1 
0 
0 
Count Up 
0 
0 
0 
0 
Count 
Down 


X 
X 
1 
0 
P' •• 
1 


X 
X 
X 
, . 
Reset 


"''ffl'1._ 


L SUFFIX 
P SUFFIX II 
CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
620 
CASE 
648 
.".....1-r:;SUffiX 
Oenot •• 


L 
Ceramic 
Package 
P 
Plastic P.ckage 


A 
Extended 
Operating 
Temptlratur. Range 
e 
Limited 
Operating 


Temperatur. 
Range 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


This device contains circuitry 
to 
protect 
the inputs against 
damage due to high static 
Yoltages 
or 
e~tric 
f"lds; 
however • .ft 
is 
advised that normal precautK>nsbe taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that 
Vin 
and 
Vout 
be 
constrained to 
the r8nge VSS < (Vin 
or 
Vout)" 
VOO' 


Unused inputs must always be tied to an 
appropriate logic voltage levil te.g .• either 
VSSor 
VOOI. 


II 


Voo 
TI_ . 
250C 
Thiah • 


Ch.rKteristic 
Symbol 
Vd. 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vi" 
'"' VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


I put Voltage- 
"0" 
Level 
VIL 
Vdc 
evO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


evO = 9.0 or 1.0 Vd.1 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
evO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vd.) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vd. 
(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
10H 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vd.1 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vd.1 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


eVOL = 0.4 Vd.l 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vd.1 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Device) 
IOf! 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


eVOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vd.l 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current tAL Devicel 
lin 
15 
- 
10.1 
- 
±O.OOOOl 
10.1 
- 
11.0 
,.,Adc 


Input 
Current 
(CL/CP 
Devicel 
lin 
15 
- 
10.3 
- 
10.ססOO1 
10.3 
- 
11.0 
IJ.Adc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 01 


Quiescent Current IAL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
JJAdc 
(Per Package) 
10 
- 
1(1 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 
(Per Pa~kage) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
IT = (0.58 ~A/kHzl 
f + 100 
,.,Adc 
(Dynamic plus Quiescent. 
10 
IT = 11.2'~A/kHzl 
f + 100 
Per Package) 
15 
IT ='(1.7:~A/kHzl' 
+ 100 
(el '"50 pF on all outputs, all 
buffers switching) 


·Tlow'" 
-5SoC 
for AL Device, -tOoC 
for CLlCP Device. 
Thigh'" 
+12SoC for Al Device, +850C for Cl/CP 
Oevice. 


~Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level'" 
1.0 Vdc min @ VOO 
'" 5.0 Vdc 
2.0 Vd. min @ VOO 
: 10 Vd. 
2.5 Vd. min 
@ VOO 
• 15 Vd. 
tTo calculate total supply current at loads other than 50 pF: 


IT(CLI 
= IT (50 pFI + 1 • 10-3 (CL -SOl VOO' 
where: IT is in ~A (per packagel. Cl in pF, VOO in Vdc. and f in kHz is input frequency . 
• -The formulas given are for the typical characteristics only at 25°C. 


All Ty•••• 


C•••••_riltlc 
Symbol 
VDD 
Min 
Typ 
Mox 
Unit 


OutPut Rise Time 
tTLH 
ns 
tTLH - (3.0 ns/pF) CL + 30 ns 
5.0 
- 
100 
200 


tTLH ·11.6 ns/pF) CL + 15 ns 
10 
- 
50 
100 


tTLH ·11.1 nslpFI CL + 10 ns 
16 
- 
40 
80 


OutPut Fell Time 
tTHL 
M 
tTHL • (1.6 nslpF) CL + 25 ns 
6.0 
- 
100 
200 
tTHL • (0.75 nslpFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL • (0.56 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Deley Time 
tpLH. 
ns 
Clock to a 
tPHL 
tPLH. tPHI. - 11.7nslpF) CL + 230 ns 
5.0 
- 
315 
630 
tPLH. tpHL - (0.66 ns/pF) CL + 97 ns 
10 
- 
130 
260 
tpLH. tpHL • (0.5 nslpF) CL + 75 ns 
15 
- 
100 
200 


Clock to Cerry Out 
tpLH. 
ns 
tpLH. tpHL· 
11.7nslpFI CL + 230ns 
tPHL 
5.0 
- 
315 
630 
tPLH. tpHL ·10.66 nslpF) CL + 97 ns 
10 
- 
130 
260 
tPLH. tpHL • 10.5nslpF) CL + 75 ns 
15 
- 
100 
200 


Carry In to Carry Out 
tpLH. 
ns 
tPLH. tpHL ·11.7 ns/pF) CL + 95 ns 
tpHL 
5.0 
- 
180 
360 
tpLH. tPHL • (0.66 ns/pF) CL + 74 ns 
10 
- 
80 
160 
tPLH. tPHL • 0.5 nslpF) CL + 35 n. 
15 
- 
80 
120 


Preset or Reset to a 
tpLH. 
n. 
tPLH. tpHL • (1.7 ns/pFI CL + 230n. 
tpHL 
5.0 
- 
315 
630 
tPLH. tpHL - (0.66 n./pFI CL + 97 n•. 
10 
- 
130 
360 
tPLH. tpHL - (0.5 nslpFI CL + 75 n. 
15 
- 
100 
200 


Preset or Retet to Carry Out 
tpLH. 
ns 
tPLH. tpHL = (1.7 nslpF) CL +465 n. 
tpHL 
5.0 
- 
550 
1100 
tpLH. tpHL ·10.66 nslpFI CL + 192 ns 
10 
- 
225 
450 
tPLH. tpHL • (0.5 nslpFI CL + 125 ns 
16 
- 
150 
300 
Clock Pulse Width 
tWH 
5.0 
350 
200 
n. 
10 
170 
100 
- 
15 
140 
75 
- 


Clock Pulse Frequency 
'ei 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Preset or Reset R,moval 
Time •• 
tram 
5.0 
650 
325 
- 
ns 
10 
230 
115 
- 
15 
180 
90 
Clock Rise end Fell Time 
tTLH. tTHL 
5.0 
- 
- 
15 
'" 
10 
- 
- 
5 
15 
- 
- 
4 


Carry In Setup Tim. 
tsu 
5.0 
260 
130 
- 
ns 
10 
120 
60 
- 
15 
100 
50 
- 
Up/Down Setup Time 
tsu 
5.0 
500 
250 
- 
ns 
10 
200 
100 
- 
15 
150 
76 
- 


IPreset Enable Pulse Width 
tWH 
5.0 
200 
100 
- 
n. 
10 
100 
50 
- 
15 
80 
40 
- 


L L L L L L L LrL LrLILrLrLrLiLrLrLrLrLrLILIL 
r lL- l-- 


-, 
rh 


I 


- 
- 
- 
I-- 
I-- 
I-- f-- 
r-- - - 
r-- 
I-- 
- 
- 
- 
- 
I-- 
'-- - - - 
'--I-- 
- - 
- I-- 
I--h 
r-- - 
r-- - 
I-- 
- 
- - 
- I-- 
- - 
I-- 


I-- 


i---J 
lr~ r-- 


II 


~ft 


PEP a 


c 


T 
a 


PRESET 
ENABLE 
CLOCK 
T 
Q·n+l 


1 
x 
X 
P.r."el 
In 


0 
-r- 
0 
an 


0 
....r- 
1 
an 


0 
~ 
X 
an 


Voo 


Vss 
VOO 


VSS 


VOO 


VSS 


II 


PE 
C;; 
- --- 
Cin 
~ 


Clock 
L.S.D. 
Clock 
M.$.O. 


MC145168 
MC14516B 
U/O 
U/O 


R 
PO 
PI 
P2 
P3 


CIVO~ 
•• 
t 
• 00 


Open 
- 
Count 


Cout 
Gin 
~ 
":" 
L.S.D. 
Clock 
M.S.D. 


, 
:II: Up 
MC14516B 
MC14516B 
o 
E Down 
U/O 


R 
PO 
PI 
P2 
P3 


C~ck 
(fin) 


~t 
+VOD 


Open 
- 
Count 


A.Slstors 
- 
10 kO 


fin 
fout 
- 
-;:;- 


® MOTOROLA 


The MC14517B dual 64-bit static shift register consists of two 
identical, independent, 
64-bit registers. Each register has separate 
clock and write enable inputs, as well as outputs at bits 16, 32, 48, 
and 64. Data at the data input is entered by clocking, regardless 
of the state of the write enable input. An output is disabled (open 
circuited) when the write enable input is high. During this time, 
data appearing at the data input as well as the 16-bit, 32-bit, and 
48·bit taps may be entered into the device by application of a clock 
pulse. This feature permits the register to be loaded with 64 bits in 
16 clock periods, and also permits bus logic to be used. This device 
is useful in time delay circuits, temporary memory storage circuits, 
and other serial shift register applications. 
• 
Quiescent Current = 10 nA/package typical @5 Vdc 
• 
Noise Immunity = 45% of VDD typical 
• 
Diode Protection on All Inputs 
• 
Fully Static Operation 
• 
Output Transitions Occur on the Rising Edge of the Clock Pulse 
• 
6.7 MHz Operation@VDD 
= 10 Vdc 
• 
Exceedingly Slow Input Transition Rates May Be Applied to the 
Clock Input 
• 
3-5tate Output at 64th-Bit Allows Use in Bus Logic Applications 
• 
Shift Registers of any Length may be Fully Loaded with 16 
Clock Pulses 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
SYmbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage, 
All Inputs 
Vi" 
-0.5 to VDD + 0,5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
Cl/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
~5 
to +150 
°c 


DUAL 64-BIT STATIC 
SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC PACKAGl' 


CASE 
648 


."~"'llSUff'Xoanot•• 


L 
Ceramic 
Pack •• 
P 
Plntlc 
PKkege 


A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 


Tamperatur. 
Range 


WRITE 
CLOCK 
ENABLE 
DATA 
16-BIT TAP 
32-BIT TAP 
4B-BIT TAP 
54-BIT 
TAP 


0 
0 
X 
Contant 
of 
16-81t 
Content of 32·81t 
Content 
of .g·Blt 
Content of M·Blt 
Dlaplay.ci 
DllPlayed 
OilPlayed 
OloplOVed 
0 
1 
X 
High 
Impedance 
High 
Impedance 
High 
Impedance 
High 
Impedance 


1 
0 
X 
Contant 
of 16·Blt 
Content 
of 32-81t 
Content 
of 418-8It 
Content 
of M·81t 
DilPlayed 
DilPl.yed 
DllPleyed 
OloplOVed 
1 
1 
X 
High 
Impedence 
High 
Impedence 
High 
I mpechince 
High 
I mpedence 


of 
0 
Det. 
entered 
Content 
of 
16·81t 
Content 
of 32-Blt 
Content 
of 418-8 It 
Content 
of M-Blt 
into 
1It 
Bit 
Dlsp'eyed 
DllIPleyed 
DitP1-:ved 
0111'1_ 


of 
1 
D.le 
entered 
Dete 
et Up 
Deta.t 
tep 
Dete 
et tap 
High Imped ••••• 
into 
lit 
Bit 
entered 
into 
17-Blt 
entered 
Into 
33-81t 
entered 
Into 
o40-81t 
'- 
0 
X 
Content 
of 
16-81t 
Content 
of 32·81t 
Content 
of "·Blt 
Content 
of M-81t 
DitPl-Ved 
DlliPleyed 
OItiP'leyed 
OloplOVed 
'- 
1 
X 
High 
Impedence 
High 
Imped.nce 
High 
I mped.,ce 
High 
I mped.,ce 


FUNCTIONAL 


TRUTH 
TABLE 


II 


Voo 
T,_ . 
2SoC 
Thioh' 


Characteristic 
Symbol 
Yd. 
Min 
MI' 
Mi" 
Typ' 
MI, 
Mi" 
MIX 
Unit 


Ou tpu I Vol tage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Yd. 


Vin '" VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
L••••' 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Yd. 
Vin"'QorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
Input Voltage# 
"0" 
Level 
VIL 
Yd. 
(Va = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO • 9.0 or 1:0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va: 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
.•,,, level 
VIH 
(Va' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1Vo' 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1Vo' 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 
1VOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
1VOH = 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH - 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
1VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(Cl/CP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
1VOH • 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
1VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
1VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
1VOl - 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


In,:MJt Current 
(AL Device) 
lin 
15 
- 
.0.1 
- 
.0.ססoo1 
.0.1 
- 
• 1.0 
J,lAdc 


In,)ut Current 
(CL/CP 
Device) 
lin 
15 
- 
'0.3 
- 
'0.ססOO1 
'0.3 
- 
• 1.0 
"Adc 


In,)ut 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
1- 
pF 
(Vin = 0) 


Quiescent 
Current 
(AL Device) 
100 
5.0 
- 
5.0 
0.010 
5.0 
150 
~Adc 
(Per Package) 
10 
- 
10 
- 
0..020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent 
Current 
(CLlCP 
Device) 
IDD 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
#JAde 
(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


'15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current··f 
IT 
5.0 
IT ·(4.2 
"A/kHz) 
, + IDD 
IJAdc 
{Dynamic 
plus Quiescent. 
10 
IT '(8.8 
. "A/kHz) 
f. 
IDD 
Per Package) 
15 
IT' 
(13.7' "A/kHz) 
f + IDD 
teL:::: 50 pF on all outputs. 
all 
buffers switching) 


Three·State 
Leakage 
Current 
ITL 
15 
- 
.0.1 
- 
.0.ססoo1 
.0.1 
- 
.3.0 
"Adc 
IAL Device) 


Three-State 
leakage 
Current 
ITl 
15 
- 
.1.0 
- 
'0.00001 
• 1.0 
- 
'7.5 
"Adc 
ICLlCP D.vic.) 


·Tlow 
z -55°C 
for AL Device. 
-400C 
for CL/CP 
Device. 
Thigh'" 
+12SoC 
for AL Device, 
+8SoC 
for CLlCP 
Device. 
~Noise 
immunity 
specified 
for worst-case 
input 
combination. 


Noise M.rgin 
for both 
"'''.nd 
"O"level' 
1.0 Vdc min@VDD 
• 5.0 Vdc 
2.0 Vdc min Qil VDD 
• 10 Vdc 
2.5 Vdc min@ VDD 
• 15 Vdc 
fT °calculate 
total 
supply 
current 
It loads other 
than 
50 pF: 


IT1Cl) 
= ITI50 pF) +4\. 
10-3 1Cl -50) VDD' 
where: 
IT is in ~A (per package), 
CL in pF. VOO in Vdc, and f in kHz is input 
frequency. 
··The 
formul. 
given Ire for the typical 
characteristics 
only 
It 25°C. 


et-_iotic 
Symbol 
VDD 
Min 
Typ 
MIx 
Unit 


Output 
Rise Time 
tTLH 
no 


tTLH· 
(3.0 ns/pF) CL + 30 no 
5.0 
- 
100 
200 
tTLH· 
11.5ns/pFI CL + 15 no 
10 
- 
50 
100 
tTLH - 11.1ns/pFI CL + 10 no 
15 
- 
40 
80 


Output Fill Time 
tTHL 
no 


tTHL· 
(1.5 ns/pFI CL + 25 no 
5.0 
- 
100 
200 


tTHL· 
(0.75 ns/pFI CL + 12.5 no 
10 
- 
50 
100 
tTHL· 
(0.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Prop8g8tion Delay Time 
tPLH, 
no 
tPLH, tPHL· 
11.7ns/pF) CL + 390 ns 
tPHL 
5.0 
- 
475 
770 
tPLH, tpHL ·10.66 ns/pF) CL + 177 ns 
10 
- 
210 
300 


tPLH, tPHL· 
(0.5 ns/pFI CL + 115 ns 
15 
- 
140 
215 
Clock Pul•• Width 
twH 
5.0 
330 
170 
ns 
10 
125 
75 
- 


15 
100 
80 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
6.7 
4.0 
15 
- 
8.3 
5.3 


Clock Pul•• Ai•• Ind Fill Time 
tTLH. tTHL 
5.0 
- 
10 
··See Not8 
15 


08t8 to Clock Setup Time 
tsu 
5.0 
0 
-40 
- 
ns 
10 
10 
-15 
- 
15 
15 
0 
- 


oete to Clock Hold Time 
1h 
5.0 
150 
75 
- 
ns 
10 
75 
25 
- 
15 
35 
10 
- 


Write Enable to Clock Setup Tim. 
tsu 
5.0 
400 
170 
- 
nl 


i 
10 
200 
65 
- 


I 
15 
110 
50 
- 


Write Enebl. 
to Clock Release Time 
tro, 
5.0 
380 
160 
- 
no 
10 
180 
55 
- 


15 
100 
40 
- 


• The formulae 
given are for the typical 
characteristics 
only . 


.•.• When shift register sections are cascaded. 
the maximum 
rise and fall time of the clock input should be equal to or less tha the rise and fall time 


of the data outputs. 
driving 
data inputs. 
plus the propagation 
delay of the output 
driving 
stage. 


FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 
Voo 


0--_1 


(f - 1/2 fol 


~Voo 
\~ 
I__- Vss 


Wri. 
~ 
•.•..• 
_ 
E••••••• ----y'" 
Writ. 
Enel. 
- O. 16·blt output 
Write Enllbl.- 
1, 17·blt 
input 


9~~~VOO 
-_..:!~rl- 
,"-VSS 
~U1 
VOO 


- 
VSS 
____ 
VOO 


----VSS 


----VOO 


----VSS 


----VOO 


~---_Vss 


----VOO 


----VSS 


------VOO 


This device contains 
circuitry 
to protect 
the inputs 
against 
damage due to histl static 
volgges or electric fields; however, it is advised that normal preCfUtions be taken to 
8Yoid ~ication 
of any voltage higher than maximum rated volt8ge$ to this high 
impedance cirOJit. 
For proper operation 
it is recommended that Vin 
end Vout 
be 
constrained to the range Vss < (V in or Vout) " 
VOO' 


Unu.~ 
inpun must 
.ways 
be tied 
to an ,ppropri 
•• e logic voltage 
level (e.g.,. either 
Vss 
or VOO)· 
. 


® MOTOROLA 


The MC1451BB dual BCD counter 
and the MC14520B dual bi- 
nary counter 
are constructed 
with 
MOS P-ehannel and N-ehannel 
enhancement 
mode devices in a single monolithic 
structure_ Each 
consists of two 
identical, 
independent, 
internally 
synchronous 
4- 


stage counters. The counter stages are type 0 flip-flops, 
with 
inter- 


changeable Clock and Enable lines for 
incrementing 
on either the 
positive-going 
or negative-going transition 
as required when cascad- 


ing multiple 
stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC1451BB will count out of 
all undefined 
states within 
two clock periods. These complementary 
MOS up counters find 
primary 
use in muJti-stage synchronous or 
ripple counting 
applications 
requiring 
low power dissipation and/or 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to lB Vdc 


• 
Low Input Capacitance = 5.0 pF typical 


• 
Internally 
Synchronous for High Internal and External Speeds 


• 
Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition 
on Enable 


• 
6.0 MHz Counting Rate 
• 
Capable of Driving Two Low:power 
TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
VlIllue 
Unit 


OC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. 
All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Oper.tiftl 
Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


CLOCK 
ENABLE 
RESET 
ACTION 
..r 
1 
0 
Increment 
Counter 


0 
~ 
0 
Incr,ment 
COUl\t••. 
'"'- 


X 
0 
No Change 


X 
...r 
0 
No Chenge 
...r 
0 
0 
No Change 


1 
'- 
0 
No 
Change 


X 
X 
1 
aOltlruQ3-0 


MC14518B 
MC14520B 


DUAL BCD UP COUNTER 
(MC14518B) 
DUAL BINARY 
UP COUNTER 
(MC14520B) 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
~8 


.O''''''1~SUff;' O.not•• 


L 
Ceramic 
Package 
f 
PI.stic Package 
A 
Extended 
Operating 
Temperatur. Range 
e 
L.imited Operating 


Tel;"peratur. 
Range 


3 


4 
C 
5 
6 
R 


11 


12 


13 


14 
R 


15 
VOO 
- 
Pin 16 
VSS. 
Pin 8 


This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages 
or electric fields: however. it is advised 
that 
normal 
precautions be 
taken 
to avoid 
application of any w1tage higher than maxi- 
mum rated voltages to 
this high impedance 
circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 
Vss •• IVin or Vout) •• VOO. 
Unused inputs must always be 
tied 
to 
an 
appropriate logic voltage lewl {e.g., either Vss 
or VOO'- 


EI 


Voo 
T\ow. 
25°C 
Th'ah' 
C••••_i 
••ic 
Symbol 
Vd. 
Min 
Me. 
Min 
Typ 
Me. 
Min 
Me. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 


Vin""VooorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vd. 
Vi":: Oar VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input VOltage# 
"0" 
Level 
VIL 
Vd. 
(VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO : 9.0 or 1.0 Vd.) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO: 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" 
Level 
VIH 
(VO: 
0.5 0< 4.5 Vd.) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO : 1.00< 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO: 
1.50< 
13.5 Vd.) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
DriYe Current 
tAL Device) 
10H 
mAde 
(VOH • 2.5 Vdcl 
SOU':"C8 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
1VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-225 
- 
-0.9 
- 
1VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL: 
0.4 Vdc) 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL· 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
10H 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
IVOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdc) 
15 
-36 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL - 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
tAL Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
t1.0 
IolAdc 


Input Current 
(CL/CP 
Device) 
lin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
t1.0 
IIAde 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
'7.5 
- 
- 
pF 


(Vin' 
01 


Cuiescent Current 
(AL Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
~Adc 
(Per Pa.kiige) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
ICLlCP 
Oevtee) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Total Supply Curreotnt 
IT 
5.0 
IT : (0.6 ~A1kHz) I + 100 
I 
~Adc 
(Dynamic 
plus Ouiescent, 
10 
IT : (1.2 ~A/kHz) 
I + 100 I 


PerPackagel 
15 
IT = 11.7 ~A/kHzl 
1+100 
(el 
z 50 pf on all outputl, all 
buffers switching) 


<ITlow = -5SoC 
for Al Device, ~OOC 
for CLlCP 
Device. 


Thigh' 
+1250C lor AL Device. +850C lor CL/CP Device. 


~'Noiseimmunity 
specified for WOrst'case input combination. 


Noise Margin for both "1" and "0" 
level = 1.0 Vdc min @ VOO 
:z: 5.0 Vdc 
2.0 Vdc min@ VOO 
= 10 Vdc 
2.5 Vd. mln@ 
VOO 
= 15 Vdc 


tT a calculate total supplV current at loads other than 50 pF: 
IT(CL): 
IT(50pF) 
+21. 
10-3 (CL -501 VOOI 
where: 'T;S 
in IlA (per p.ckage). 
CL in pF. VOO 
in Vdc. and f in kHz is input frequency. 


··The 
formul. 
given Ire for the typical characteristics only It 25°C. 


A1IT~ 
Ch__ 
rlotlc 
Symbol 
VDO 
Mln 
Ty," 
Mu 
Unit 
OutPut Ri•• Time 
tTLH 
no 
tTLH '- (3.0 nl/pFI CL + 30 nl 
5.0 
- 
100 
200 


tTLH 1- (1.5 nl/pFI CL + 15 nl 
10 
- 
50 
100 


tTLH - (1.1 nl/pFI CL + 10 no 
15 
- 
40 
80 


OutPut Foil Tim. 
tTHL 
no 
tTHL - (1.5 nl/pF) CL + 25 nl 
5.0 
- 
100 
200 
tTHL - 10.75nl/pFI CL + 12.5 nl 
10 
- 
50 
100 
tTHL·- 
(0.55 nl/pF) CL + 9.5 nl 
15 
- 
40 
80 
Prop_ion 
OoI.y Time 
tPLH. 
nl 
Clock to OIEn.bl. to Q 
tpHL 
tpLH. tpHL - (1.7 nl/pF) CL + 215 nl 
5.0 
- 
280 
580 
tPLH. tpHL - (0.66 ns/pFI CL + 97 no 
10 
- 
115 
230 
tPLH. tpHL - 10.5nl/pF) CL + 75 nl 
15 
- 
80 
180 
Rtttt to Q 
no 
tPLH. tpHL - (1.7 nl/pF) CL + 265 nl 
5.0 
- 
330 
660 
tPLH. tPHL • (0.66 nl/pFI CL + 117 nl 
10 
- 
130 
230 
tPLH. tpH L - (0.66 nl/pF) CL + 95 nl 
15 
- 
90 
110 
Clock Put•• Width 
twH 
5.0 
200 
100 
no 
twL 
10 
100 
50 
- 
15 
10 
35 
- 
Clock Pul•• Frequoncy 
'ei 
5.0 
- 
2.5 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 
Clock or Entbl. Ri•• ond Foil Time 
tTHL. tTLH 
5.0 
- 
- 
15 
,.. 
10 
- 
- 
5 


15 
- 
- 
4 


Enobl. Pul•• Width 
twHCE) 
5.0 
440 
220 
- 
nl 
10 
200 
100 
- 
15 
140 
70 
- 
Rtttt Pul•• Width 
twH(RI 
5.0 
280 
125 
- 
n. 
10 
120 
55 
- 
15 
90 
40 


FIGURE 1 - POWER DISSIPATION TEST 
PINASSIGNMENT 
CIRCUIT AND WAVEFORM 
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® MOTOROLA 


4·BIT 
AND/OR 
SELECTOR 
or 
QUAD 
2-CHANNEL 
DATA 
SELECTOR 
or 
QUAD 
EXCLUSIVE 
"NOR" 
GATE 


II 


The MCl4619B 
is constructed 
with 
MOS P·channel and N·channel 
enhancement 
mode devices in a single monolithic 
structure. 
These 
complementary 
MOS logic gates find 
primary 
use where low power 
dissipation 
and/or 
high noise immunity 
is desired. 


This 
device 
exemplifies 
the 
design versatility 
of 
MeMOS 
logic 
structure. 
This part provides three functions 
in one package; a 4·Bit 
AND/OR 
Selector, 
a Quad 2·Channel 
Data Selector, 
or a Quad Ex· 
elusive NOR Gate. 


• 
Quiescent Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Noise Lmmunity 
= 45% of VDD typical 


• 
Diode Protection 
on All Inputs 


• 
Supply 
Voltage 
Range = 3.0 Vdc to lB Vdc 


• 
Single Supply Operation 
- 
Positive or Negative 


• 
High Fanout> 
50 


• 
Input 
Impedance = 1012 ohms typical 


• 
Logic Swing Independent 
of Fanout 


• 
Capable of Driving 
Two 
Low·power 
TTL 
Loads, One Low·power 
Schottky 
TTL 
Load or Two 
HTL 
Loads Over the Rated Temper· 
ature Range 


• 
Plug·ln Replacement 
for CD4019 
in Most Applications 


Control{A 
Inputs 
8 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


CONTROL 
INPUTS 
OUTPUT 


A 
B 
Zn 


0 
0 
0 
0 
1 
Yn 
1 
0 
Xn 
1 
1 
Xn <!> Vn 


Rating 
Symbol 
Value 
Unit 


OC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Volta~. 
All Inputs 
Vi" 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Oevice 
TA 
-55 to +125 
°c 
CL1CP Oevice 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


VOO 
Tlow. 
25°C 
Th· •••• 


Characteristic 
Symbol 
Vd. 
Min 
Max 
Min 
Typ 
MI' 
Mi" 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vln"' 
VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin" 
0 or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO = 9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
1VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAdc 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1. 
7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAdc 


1VOL = 0.5 VdcJ 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
1VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Orive Current 
(CL/CP 
Oevicel 
IOH 
mAdc 


1VOH = 2.5 VdcJ 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 VdcJ 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH' 
13.5 VdcJ 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL • 0.4 VdcJ 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdc} 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(AL 
Device 
I 
lin 
15 
- 
to.l 
- 
±O.OOOOl 
to.l 
- 
t 1.0 
",Adc 


Input Current 
(CLlCP 
Device) 
lin 
15 
- 
10.3 
- 
10.00001 
to.3 
- 
11.0 
",Adc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


1Vin = 01 


Quiescent Currer1t (AL 
Device 
I 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
",Adc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.Q15 
20 
- 
600 


QUIescent Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
",Adc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Total Supply Current- 
- t 
IT 
5.0 
IT = (1.2 
~AlkHz) 
f + 100 
/JAde 


(Dynamic 
plus Quiescent, 
10 
IT = 12.4 ~AlkHz) 
'+ 
100 
Per Package) 
15 
IT = 13.6 ~AlkHz) 
'+ 
100 
(CL •• 50 pF on all outputs, all 
buffers switching) 


Three·State 
Leakage Current 
ITL 
15 
- 
10.1 
- 
,0.00001 
10.1 
- 
13.0 
",Adc 


(AL DeVIce) 


Three·State 
Leakage Current 
ITL 
15 
- 
11.0 
- 
-0.00001 
11.0 
- 
17.5 
",Adc 
(CLlCP 
Device) 


-Tlow 
= -55°C 
for AL Device. -400C 
for CL/CP 
Device. 


Thigh 
= +12SoC for AL Device. +8soC for CL/CP 
Device. 


=Noise immunity 
spet;ified for worst-case input combination. 


Noise Margin for both "1" and ..a" level •• 


1.0 Vdc min@ VOO 
= 5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min @VOO 
= 15 Vdc 


tT ° calculate total supply current at loads other than 50 pF: 


ITICL} 
= IT(50 pF) +4 x 10-3 ICL -50} VOO' 
where: IT is in ",A (per package), CL in pF, VDO 
in Vdc, 


and f in kHz is input frequency. 


--The 
formulas given are for the tvpical characteristics only at 25°C. 


B 


ChlFecteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
ITLH 
ns 


.ITLH 
- 13.0ns/pF) CL + 30 ns 
5.0 
- 
100 
200 
ITLH' 
11.5ns/pF) CL + 15 ns 
10 
- 
50 
100 


ITLH 
- 11.1ns/pF) CL + 10 ns 
15 
- 
40 
80 


Output 
Fell Time 
ITHL 
ns 
ITHL 
- 11.5ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


ITHL 
- (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


ITHL 
- 10.55.ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


ProPagation DeilY Time 
IPLH. 
ns 
IPLH. 
IPHL· 
(1.7 ns/pF) CL + 165 hs 
IpHL 
5.0 
- 
250 
500 
IpLH. 
IpHL 
• (0.66 ns/pF) CL + 82 
10 
- 
115 
225 
IpLH. 
IpHL 
• (0.5 ns/pFI CL + 65 ns 
15 
- 
90 
165 


20 ns 
20 ns 


~ 


o" 
Voo 
Vin 


10% 
Vss 


50% 
Duty 
Cvcle 


Data A 


Clock 
A 
R.set A 


,-------------------------------, 
I 
MCI40'5B 
: 


Dual 
4·8 it Register 
Data 8 


Clock 
B 


Reset 
B 


X2 
X3 
VO 
V, 
Control 
A 
A 
MC14519B 


ANDIOR 
Select/Exci 
NOR 
Control 
B 
B 
ZO 
ZI 
Z2 
Z3 


InvtK't 
r- 
-1 
I 
I MC14070B 
I 
I Quad 
I 
I Exclusive 
0 R 
L __ 
_--l 


00 
01 
02 
03 
, 
Y 
I 


OPERATION 
CODE 
OUTPUT 
FUNCTION 


A 
B 
INV 
00 
01 
02 
03 


0 
0 
0 
0 
0 
0 
0 
Inhibit, 
all zeros 
0 
0 
1 
1 
1 
1 
1 
Inhibit, 
all ones 
1 
0 
0 
XO 
Xl 
X2 
X3 
Control 
A 
, 
0 
1 
XO 
Xl 
X2 
X3 
Control 
A and Invert 


0 
1 
0 
VO 
V, 
V2 
V3 
Control 
B 
0 
1 
1 
YO 
Yl 
'(2. 
Y3 
Control 
8 and 
t nvert 
1 
1 
0 
XO@VO 
X,@V, 
X2@V2 
X3@V3 
Exclusive 
NOR 
1 
1 
1 
XO(!) VO X,(!) VI 
X2(!)V2 
X3(!) V3 
Exclusive 
OR 


® MOTOROLA 


II 


The MC14518B dual BCD counter and the MC14520B dual bi· 


nary counter 
are constructed 
with MOS P-<:hannel and N-<:hannel 
enhancement 
mode devices in a single monolithic 
structure. 
Each 
consists of two identical, 
independent, 
internally 
synchronous 
4- 


stage counters. The counter stages are type 0 flip-flops, with inter- 
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad- 
ing multiple stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC14518B will count out of 
all undefined states within two clock periods. These complementary 
MOS up counters find primary use in multi-stage synchronous 
or 
ripple counting applications requiring low power dissipation and/or. 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
• 
Noise Immunity = 45% of VDD typical 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range = 3_DVdc to 18 Vdc 
• 
low Input Capacitance = 5.0 pF typical 
• 
Internally Synchronous for High Internal and External Speeds 
• 
logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition on Enable 
• 
6.0 MHz Counting Rate 
• 
Capable of Driving Two low-power 
TTl loads, One low-power 
Schottky TTl 
load 
or Two HTl loads Over the Rated Temper- 


ature Range 


Alting 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CL/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


CLOCK 
ENABLE 
RESET. 
ACTION 
...r 
1 
0 
Increment 
Counter 


0 
~ 
0 
Increment 
Counter 
""'- 


X 
0 
No 
Change 


X 
~ 
0 
No Chlnge 
~ 
0 
0 
No 
Chlnge 


1 
~ 
0 
No Chenge 


X 
X 
1 
QOtl\ruQ3-0 


FOR COMPLETE 
DATA 
SEE MC14518B 


DUAL BCD UP COUNTER 
(MC14518B) 
DUAL BINARY 
UP COUNTER 
(MC14520B) 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
64e 
·"'""'1-r:;SUffiX 
Oenot •• 
L 
Ceramic: Pickage 


P 
Pl •• tic 
Package 


A 
Extended 
Operating 
Temperatur. Ringe 
e 
Limited 
Operating 
Temperatur. Ringe 


This 
device contains circuitry 
to protect 
the 
inputs against damage due to high static volt· 
ages or electric 
fields: however. 
it 
is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of any 
voltage higher than 
maxi· 


mum 
rated 
voftages to 
this 
high 
impedance 
circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 
VSS" 
(Vin or Vou') 
•• VDD- 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate logic voltage level (e.g., either Vss 
or VDDI. 


® MOTOROLA 


The 
MC14521B 
consists 
of a chain 
of 24 flip-flops 
with an input 


circuit 
that 
allows three 
modes 
of operation. 
The input 
will function 
as a crystal 
oscillator, 
an RC oscillator, 
or as an input 
buffer 
for an 
external 
oscillator. 
Each 
flip-flop 
divides 
the 
frequency 
of 
the 
previous 
flip-flop 
by two, 
consequently 
this 
part 
will 
count 
up to 
224 = 16,777,216. 
The count 
advances 
on the negative 
going edge of 
the clock. 
The outputs 
of the last seven-stages 
are available 
for added 
flexibility. 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 
• 
f(max) 
= 9.0 MHz typical 
@ VDD = 10V 


• 
All Stages are Resettable 


• 
Reset 
Disables 
the 
RC Oscillator 
for 
Low Standby 
Power 
Drain 


• 
RC and Crystal 
Oscillator 
Outputs 
Are Capable 
of Driving 
External 
Loads 


• 
Test Mode to Reduce 
Test Time 


• 
VDD' 
and 
VSS' 
Pins Brought 
Out 
on Crystal 
Oscillator 
Inverter 
to 
Allow 
the 
Connection 
of 
External 
Resistors 
for 
Low-Power 
Operation 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc·to 
18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads. 
One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated 
Tempera- 


ture 
Range. 


Rating 
Symbol 
Value 
Unit 


DC Sup~ly 
Vol tage 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All Inputs 
V,n 
-0.5 to VDD + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 


CLKP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
TS19 
-65 to +150 
°c 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 
II 


PSUFFIX 
PLASTIC PACKAGE 


CASE 
648 


MO'''''' 1-r:;SUffiXOenot•• 


L 
C••.• mic Packaoe 


P 
Plntic 
Pack-ve 
A 
Extended 
Operating 
Temperature R.~ 
C 
Limited 
Operetlng 
Temperatur. Renge 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


OUTPUT 
COUNT CAPACITY 


018 
2'· - 262.144 
019 
2: 
- 524.288 
020 
221 - 1.048.576 
021 
222 - 2.097.152 
022 
2 %) - Co194,304 
023 
2 
- 8.388._ 
024 
2» - 16.777.216 


[ 


This 
device contains 
circuitry 
to protect 
the inputs 
agIIinst dIi",.e 
due 
to high static vo,.", 
or electric fiekts; however. it is_vised 
tt.t 
norrrel 
precautions 
be taken 
to avoid appHcation 
of any voltage 
higher ttwn maximum 
rMed volbgBs 
to this high ~nce 
cirQJit. 
For proper 
operation 
it is recommended 
that 
Vin and Vout be constrained 
to the 
I"IIngEt Vss <. (Vin or Vout) <; VOO. 


Unuled 
inputs 
must erways be tied to an app-opriete 
logic voltege 
level (e.g .• eithtlr Vss or VOOL 


II 


Voo 
T10w. 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.5 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 
0 
or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
:I- 
"0" level 
V1L 
Vdc 
IVO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V'H 
Vdc 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


IVO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


IVO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
Pins 
4 & 7 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-.0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
mAde 
IVOH = 4.6 Vdcl 
Pins 1, 10. 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5Vdcl 
11,12,13,.14 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
and 15 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current 
(ClICP 
Device) 
'OH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
Pins 
4 & 7 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH = 2.5Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
mAde 


IVOH = 4.6 Vdcl 
Pins 1, 10. 
5.0 
-0.52 
- 
-0.44 
-0.8S' 
- 
-0.36 
- 


(VOH = 9.5Vdclll,12,13,14 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
and 15 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
± 


(AL 
Device) 
'in 
15 
- 
±0.1 
- 
0.00001 
±0.1 
- 
± 1.0 
~Adc 


Input Current 
± 


(CUep Device) 
lin 
15 
- 
±0.3 
- 
0.00001 
±0.3 
- 
± 1.0 
~Adc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IVin = 01 


Quiescent 
Current 
(AL 
Device) 
'00 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
!lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current (CUC? 
Device) 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
~Adc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-·t 
IT 
5.0 
'T = 10.42 ~A/kHzl f + '00 
!lAde 


(Dynamic plus Quiescent. 
10 
IT = 10.85 ~A/kHzl f + '00 


Per 
Package) 
15 
'T = (1.4 
~A/kHzl f + '00 


(CL = 50 pF on all outputs, 
all buffers switching) 


T10w :: -55°C 
for AL Device, 
-40°C 
for CUCP 
Device. 


Thigh = 
+ 125°C 
for AL Device, 
+ 85°C 
for CUCP Device. 


:11= 
Noise immunity 
specified for worst-case 
input combination. 
Noise Margin for both" 
1" and "0" 
level 
:= 


1.0 Vdc min @ VOO 
= 5.0 
Vdc 
2.0 Vdc min @ VOO = 
10 Vdc 
2.5 Vdc min @ VOO = 
15 Vdc 


To calculate total supply current at loads other than 50 pF: IT 
(eLl = IT 150 pfl + 3 x 10-3 ICL-501 VOOf. 
where: IT is in I!A (Per Package) CL in pF, VOO in Vdc and f in 
kHz is input frequency. 


•• 
The formulae given are for the typical characteristics 
only at 
25°C. 


Ch.recteristic 
Symbol 
VDD 
Min 
Typ 
Mol. 
Unit 
Vdc 


Output 
Rise Time (Counter 
Outputs) 
'TLH 
n. 
tTLH 
• 13.0 n./pF) CL + 30 n. 
5.0 
- 
100 
200 
tTLH' 
11.5 n./pF) CL + 15 n. 
10 
- 
50 
100 


tTLH' 
11.1 n./pF) CL + 10 n. 
15 
- 
40 
80 


Output 
Fall Time (Counter 
Outputs) 
tTHL 
n. 
tTHL 
- 11.5 n./pFI CL + 25 n. 
5.0 
- 
100 
200 
tTHL' 
10.75 n./pF) CL + 12.5 n. 
10 
- 
50 
110 
tTHL' 
10.55 n./pF) CL + 12.5 n. 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
1" 
Clock to 018 
tPHL 
tPHL. tpLH 
• 11.7 n./pF) CL + 4415 n. 
5.0 
- 
4.5 
8.0 
tPHL. 
tPLH • 10.66 n./pF) CL + 1667 n. 
10 
- 
1.7 
3.5 
tpHL. 
tPLH • fO.5 n./pF) CL + 1275 n. 
15 
- 
1.3 
2.7 


Clock to 024 
1" 
tPHL. tpLH' 
11.7 n./pF) CL + 5915 n. 
5.0 
- 
6.0 
12 
tpHL. 
tPLH = 10.66 ns/pFI CL + 2167 ns 
10 
- 
2.2 
4.5 
tpHL. 
tpHL 
• 10.5 n./pF) CL + 1675 n. 
15 
- 
1.7 
3.5 


Propagation Delay Time 
tpHL 
n. 
Reset to 'an 
tPHL - f1.7 ns/pF) CL + 1215 n. 
5.0 
- 
1300 
2600 
tPH L • 10.66 ns/pFI CL + 457 ns 
10 
- 
500 
1000 
tPHL' 
fO.5 ns/pFI CL + 350 n. 
15 
- 
375 
750 


Clock Pulse Width 
'WHlell 
5.0 
385 
140 
- 
n. 
10 
150 
55 
- 
15 
120 
40 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
3.5 
2.0 
MHz 
10 
- 
9.0 
5.0 
15 
- 
12 
6.5 


Clock Rise and Fall Time 
tTLH. 
5.0 
- 
- 
15 
1" 
tTHL 
10 
- 
- 
5 
15 
- 
- 
4 


Reset Pule Width 


" 
'WHIR) 
5.0 
1400 
700 
- 
n. 
10 
600 
300 
- 
15 
450 
225 
- 


1 


f-20 n. 
--j~ 
20n. 


~ 


O% 
Voo 


v 
in -""110% 
50%t 
0 V 


.-l 50% Duty 
Cycle 


II 


II 


90" 
50" I11'0" 
J 
Il-'PLH 
t-- tTLH 
J ltl-'PHL 
tTHL 


500 kHz 
50 kHz 
CHARACTERISTIC 
CIRCUIT 
CIRCUIT 
UNIT 


Crystal 
Cherecteril1ics 


Resonant 
Frequency 
500 
50 
kHz 


Equivalent 
R.,i'tence, 
AS 
1.0 
6.2 
kn 


Externe' Resi'tor/Capacitor 
Values 


Ro 
41 
150 
kn 


CT 
82 
82 
pF 


Cs 
20 
20 
pF 


Frequency 
Stability 


Frequency 
Cheng. 
as. 
Function 


of VOO 
(T A • 
2SoC) 
Vao 
CNinge 
from 
5.0 V to 10 V 
+6.0 
+2.0 
ppm 


VOOChangefrom 
lOV 
to 15 V 
+2.0 
+2.0 
ppm 


Frequency 
Cheng. 
as. 
Function 
of Temp«atur. 
(VOQ ""10 V) 


T A Cheng. 
from 
-55 
C to +2SoC 
MC14521 
only 
-4.0 
-2.0 
ppm 


Complete 
Oscillator· 
"00 
+120 
ppm 


T A Chenge 
from 
+2SoC 
to +12SoC 


MC14S21 
only 
-2.0 
-2.0 
ppm 


Complete 
Oscillato,· 
-'50 
-560 
ppm 


50 


.% 


~ 


20 


::> 
10 
~ 5.0 
f an function 
~ 
of C 
:= 2.0 
(RTC' 56 kn) 
~ 
(RS'120kl 
1.0 
iij 
0 
0.5 
-' 
0.2 


0·\0' 


0.0001 


10' 
100, 
RTC. RESISTANCE(OHMS) 
0.001 
0.01 
C.CAPACITANCE",F) 


lzo~ 
~t .-4.0 
ffi 
---- 
--- 
---- 
::>o 
~ 
-8.0 


RTC' 56kl •. I-_RS 
'0. t· 
10.15 ,Hz@VOO' 
10 V. TA· 250 
-16 
C·l000pF 
)---RS·120,U.f-7.B,Hz@VOD·tOV.TA'250C 


-55 
-25 
0 
25 
50 
75 
100 
125 


TA. AMBIENTTEMPERATURE(OCI.DEVICEONt y 


INPUTS 
OUTPUTS 
COMMENTS 


Reset 
In 2 
Out 2 
VSS' 
VOO' 
Q18t1ru024 
Counter 
is in three 
8-stage 


I 
a 
a 
Voo 
Gnd 
a 
sections 
in parallel 
mode 


Counter 
is reset. 
In 2 and 
A test 
fu net ion 
(see 
Figure 
8) 
has been 
in- 
Out 
2 are connected 
together 
eluded 
for the reduction 
of test time 
required 
to 
a 
I 
I 
First "0" 
to "'" 
transition 
exercise 
all 24 counter 
stages. This test function 
on In 2, Out 
2 node. 


divides 
the 
cou nter 
into 
three 
8-stage 
sections, 
a 
a 
255 "0" 
to "1~'transitions 


and 255 counts 
are loaded 
in each of the 8-stage 
1 
1 
are clocked 
into 
this 
In 2, 
- 
- 
Out 
2 nod •. 
sections 
in parallel. 
All flip-flops 
are now at a 
- 
- 
logic 
"1". 
The 
counter 
is now returned 
to the 
- 
- 
normal 
24-stages 
in series 
configuration. 
One 
I 
I 
I 
The 255th "0" to "," 


more 
pulse 
is entered 
into 
Input 
2 (In 2) which 
transition. 
a 
a 
I 
will 
cau<:e the 
counter 
to 
ripple 
from 
an 
all 
a 
a 
Gnd 
I 
"I" state 
to an all "0" 
state. 
I 


Counter convened back to 
I 
a 
voo 
I 
24-SfItg" 
in .rie. 
mode. 


I 
I 


1 
Out 2 converts 
bac:::k 
to an 
output. 


Counter 
ripp'" 
from 
an 
a 
a 
all "," stata to an.1t 
"0" stage. 


II 


II 


® MOTOROLA 


The MC14522B 
BCD counter and the MC14526B binary counter 
are constructed 
with 
MOS P·channel and N·channel enhancement 
mode devices in a single monolithic 
structure. 


These devices are programmable, 
cascadable down counters with 
a decoded "0" 
state output 
for divide·by·N 
applications. 
In single 
stage applications 
the "0" 
output 
is applied to the Preset Enable 


input. 
The 
Cascade Feedback 
input 
allows 
cascade divide-by-N 
operation 
with no additional 
gates required. The Clock Inhibit 
input 
allows disabling of the pulse counting function. 
These complementary 
MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli- 
cations requiring low power dissipation and/or 
high noise immunity. 


• 
Quiescent Current 
= 5.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Internally 
Synchronous for High Internal and External Speeds. 


• 
Logic Edge-Clocked Design - 
Incremented on Positive Transition 
of Clock or Negative Transition 
of Clock Inhibit 


• 
5.0 MHz Counting Rate 


• 
Asynchronous Preset Enable 


• 
Capable of Driving Two Low-power 
TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


MAXIMUM 
RATINGS 
(Voltages referenced to vss I 


Rating 
Symbol 
V.lue 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain 
per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 to +125 
°c 
CL/CP 
Device 
-<40to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


TRlITH TABLES 


BOTH TYPES 


Preltt 
Mester 
Clock 
Inhibit 
En.tJIe 
Re.t 
Action 
0 
0 
0 
0 
No 
Count 
...r 
0 
0 
0 
Count-l 
X 
1 
0 
0 
No 
Count 


1 '- 


0 
0 
Count·' 
X 
X 
1 
0 
Pr ••• 
t 
X 
X 
X 
1 
R ••• 
, 


OU'lput 
Coon. 
Q3 
02 
01 
00 
9 
• 
0 
0 
1 


8 
1 
0 
0 
0 


7 
0 
1 
1 
1 
• 
0 
1 
1 
0 


5 
0 
1 
0 
1 
• 
0 
1 
0 
0 
3 
0 
0 
1 
I 
2 
0 
0 
1 
0 
1 
0 
0 
0 
I 
0 
0 
0 
0 
0 


Output 
Count 
Q3 
02 
01 
00 
,. 
1 
1 
, 
, 
,. 
1 
1 
1 
0 
13 
1 
1 
0 
1 
12 
1 
1 
0 
0 
11 
1 
0 
1 
I 
10 
1 
0 
1 
0 
9 
1 
0 
0 
1 
8 
1 
0 
0 
0 
7 
0 
, 
1 
1 
• 
0 
1 
1 
0 
• 
0 
, 
0 
1 
• 
0 
1 
0 
0 
3 
0 
0 
1 
1 
2 
0 
0 
, 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


MC14522B 
MC14526B 


PROGRAMMABLE 
DIVIDE-BY·N 
4-BIT COUNTERS 


BCD - MC14522B 
Binary 
- 
MC14526B 
..~.~ II 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


MC14XXXB 
~SU~f;Xc.::;:t::Ck." 
C P 
Plastie Package 
A 
Extended 
Operating 


Temperatur. 
Range 
e 
Limited 
Operating 
Temper.ture 
Range 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; hO\M!ver, it 
is 
advised that normal precautions be taken 
to avoid application of any Yoltage higher 
than maximum 
rated Yoltages to this high 


impedance circuit. For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
<; 
(Vin 
or 


Vout) " VOO· 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
Vssor 
VOOI. 


II 


Voo 
Tlow. 
25°C 
Thigh' 
Chlirecteristic 
Symbol 
Vd. 
Min 
MI' 
Mi" 
Typ 
MIX 
Min 
MIX 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi" 
== VooorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage'" 
"0" 
Level 
V,L 
Vdc 
(Va 
= 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 
(Va 
= 0.5 or 4.5 Vdc! 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va = 1.5 or 13.5 Vdc! 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
'OH 
mAde 
(VOH = 2.5 Vdc! 
Source 
5.0' 
~3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc! 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdc! 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc! 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CUCP Devicel 
'OH 
mAde 
(VOH = 2.5 Vdc! 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc! 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc! 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (Al Device) 
lin 
15 
- 
101 
- 
10.00001 
±O.l 
- 
11.0 
IolAdc 


Input Current (CLlep 
Device) 
lin 
15 
- 
±O.3 
- 
10.00001 
10.3 
- 
± 1.0 
IJ.Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 0) 


Quiescent Current (AL DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
.u:Adc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CUep 
OevtCe) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J,lAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
'T = (1.7 
~A/kHl) 
f + 'DO 
IJ.Adc 
(Dynamic plus Quiescent, 
10 
IT = (3.4 
~A/kHl) 
f + 'DO 
Per Package) 
15 
IT = 
(5.1 
~A/kHl) 
f + 'DO 
(CL = 50 pF on all outputs, all 
buffers switching) 


-Tlow 
= -55°C for AL Device. -40oC for cuep Device. 


Thigh'" 
+12SoC for AL De••.• 
ice. +8SoC for CL/CP Device. 
,uNoiseimmunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "O"level 
= 1.0 Vdc min@VOO 
'" 5.0 Vdc 
2.0 Vdc min@ 
VOO 
= 10 Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 
tT 0 calculate total supply current at loads other than 50 pF: 


'TICL) 
= 'T150 pF) + 1 • 10-3 
(CL -SO! VOOf 
where: IT is in IlA (per packagel. CL in pF. VOO in Vdc. and f in kHz is input frequency. 


- -The formulas given are for the typical characteristics only at 2SoC. 


Ch.raetertstic 
Symbol 
VOO 
Mln 
Typ 
Mo. 
Unit 


Output 
Rise Time 
tTLH 
nl 
tTLH = (3.0 nl!pF) CL + 30 ns 
5.0 
- 
100 
200 
tTLH = (1.5 ns!pFI CL + 15 ns 
10 
- 
50 
100 
tTLH = (1.1"1!pFI CL + 9.5 nl 
- 
15 
- 
40 
80 
Output Fall Time 
tTHL 
nl 
tTHL = (1.5 nl!pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL = (0.75 ns!pFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL = 10.55nl!pF) CL +9.5 ns 
- 
15 
- 
40 
llll 


Propagation Delay Time 
tpLH. 
nl 
a Outputs 
tPHL 
tPLH. tPHL = (1.7 ns!pFI CL +465 ns 
5.0 
- 
550 
1100 
tPLH. tpHL - (0.66 nl!pFI CL + 197 ns 
10 
- 
225 
450 
tPLH. tPH L = (0.5 nl!pF) CL + 135 ns 
15 
- 
160 
320 
"0" Output 
tPLH. tpHL = 11.7ns!pF) CL + 155 n. 
5.0 
- 
240 
480 
tpLH. tpHL - (0.66 ns!pFI CL + 87 ns 
10 
- 
130 
260 
tPLH tPHL = (0.5 ns!pF) CL + 65 ns 
15 
- 
100 
200 


Minimum 
Clock Pulse Width 
'WHlel) 
5.0 
250 
125 
- 
nl 
10 
100 
50 
- 
15 
80 
40 
- 
Maximum 
Clock Pulse Frequency 
(with 
PE = lowl 
lei 
5.0 
- 
2.0 
1.5 
MHz 
10 
- 
5.0 
3.0 
15 
- 
6.6 
4.0 


Maximum 
Clock or Inhibit 
Rise and Fall Time 
lTLH. 
5.0 
- 
- 
15 
'" 
tTHL 
10 
- 
- 
5 
15 
- 
- 
4 


Hold Time 
th 
5.0 
150 
75 
- 
ns 
10 
50 
25 
- 
15 
40 
20 
- 


Minimum 
Preset Enable Pulse Width 
'WHIPE) 
5.0 
250 
125 
- 
nl 
10 
100 
50 
- 
15 
80 
40 
- 


Minimum 
Master Reset Pulse Width 
'WHIRl 
5.0 
350 
175 
- 
ns 
10 
250 
125 
- 
15 
200 
100 
- 


00 


at 


02 


Q3 


Inhibit 


C 
"0" 


Vss 


Al TEST NOS. , - 6 


Voo 


CF 
00 


PE 


OpO 
01 


OPt 
0P2 
02 


°p3 
MR 
Q3 


Inhibit 


.._jt 
90" 
'0" 
i{20n. 


CHARACTERISTIC 
TEST 
NO. 
CLOCK 
INHIBIT 
PE 
MR 
CPn 
CF 
OUTPUT 


'TLH. 
'THL 
, 
PO, 
VSS 
VSS 
VSS 
Vss 
VSS 
A' 
2 
VOO 
PO, 
VSS 
Vss 
VSS 
Vss 
A' 
3 
VSS 
VSS 
PO, 
Vss 
P02 
Vss 
an 
4 
VSS 
VSS 
VOO 
PO, 
VOO 
Vss 
an 
5 
Vss 
VSS 
VOO 
Vss 
PO, 
Vss 
an 


'WHIR) 
4 
VSS 
VSS 
VOO 
POI 
VOO 
VSS 
an 


'WHIPE) 
3 
VSS 
VSS 
PO, 
VSS 
P02 
VSS 
an 


'WHIcH 
, 
PO, 
VSS 
Vss 
VSS 
VSS 
VSS 
a' 
tel 
, 
PO, 
VSS 
Vss 
VSS 
VSS 
Vss 
a' 
'II 
3 
VSS 
VSS 
PO, 
VSS 
P02 
Vss 
an 


'TLH· 
'THL 
6 
VSS 
VSS 
Vss 
VOO 
VSS 
PO, 
"0" 


tPLH,tPHL 
1 
PO 
VSS 
Fig4B 
VSS 
Fig 4. 
.voo 
"0" 


B 


FIGURE 8 - MCl4622B LOGIC DIAGRAM (BCD Dlvlcll-by-N Count", 
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Inhibit 
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MR 


FIGURE.7 - MCl46288 
LOGIC DIAGRAM (B,no,y Dividl-by·N Count.,) 


OpO 
00 
0P1 
01 
0p2 
02 


PE 


Inhlltt 


Clock 


MA 


Cycle 
InhIbit 
-. 


+VDD 


10 k 
00 
01 
02 
03 


PE 


CF 
DO 
L.S.D. 


MR 
MC14522B 
"0" 


Clock 
Inh 
MC14526B 
J= 


00 
01 
,02 
03 


PE 


CF 
M.$.O. 


MR 
MC14522B 
"0" 


MC14526B 


From 
To 
Range of N 
Stage 
Pin Stage 
Pin 


LSD "0" 
All 
PE 
LSD..; N..; MSD 


N 
"0" 
N·1 
CF 
LSD+1..;N..; MSD 


N 
"0.3" N+1 
C 
LSD d4..; MSD·1 


M_$.D. 


MC14522B 
MC14526B 


From 
To 
Range of N 
Stage 
Pin Stage 
Pin 


LSD "0" 
All 
PE 
LSD..;N..;MSD 
N 
"0" 
N·1 
CF 
LSD+1..;N..; MSD 
N 
"0.3" 
N+1 
C 
LSD..; N..; MSD·1 


® MOTOROLA 


The MC14527B BCD rate multiplier 
(DRM) provides an output 
pulse rate based upon the BCD input number. For example, if 6 is 
the BCD input number, there will be six output pulses for every ten 
input pulses. This part may be used for arithmetic operations includ- 
ing multiplication 
and division. Typical applications include digital 


.filters, motor speed control and frequency synthesizers. 


EI 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 
5.0 pF typical 


• 
Internally Synchronous for High Speed 


• 
Output Clocked on the Negative Going Edge of Clock 


• 
Strobe for Inhibiting or Enabling Outputs 


• 
Enable and Cascade Inputs for 
Cascade Operation 
of Two or 
More DRMs 


• 
"9" 
Output 
for the Parallel Enable Configuration 
and DRMs in 
Cascade 


• 
Complementary Outputs 


• 
Clear and Set to Nine Inputs 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to 1-18 
Vdc 


Inpul 
Voltage, 
All 
Inputs 
V,n 
-05 
to VOO + 0.5 
Vdc 


DC Current 
Drain 
per PIn 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 to +125 
°c 


C L/CP DevIce 
-40 to +85 


Stordge 
Temperature 
Range 
T 519 
-65 \0 +150 
°c 


OUTPUT 


LOGIC 
LEVEL 


INPUTS 
NUMBER 
OF 
PULSES 
I 
No. of 
0 C 
B 
A 
Clock 
Pulses 
Ein 
STROBE 
CASCADE 
CLEAR 
SET 
OUT 
OUT 
Eout 
"9" 


0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
, 
1 
1 
0 
0 
0 
1 
10 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
0 
10 
0 
0 
0 
0 
0 
2 
2 
1 
1 


0 
0 
1 
1 
10 
0 
0 
0 
0 
0 
3 
3 
1 
1 
0 
1 
0 
0 
10 
0 
0 
0 
0 
0 
4 
4 
1 
1 
0 
1 
0 
1 
10 
0 
0 
0 
0 
0 
• 
• 
1 
1 
0 
1 
1 
0 
10 
0 
0 
0 
0 
0 
6 
6 
1 
1 
0 
1 
1 
1 
10 
0 
0 
0 
0 
0 
7 
7 
1 
1 
1 
0 
0 
0 
10 
0 
0 
0 
0 
0 
• 
• 
1 
1 
1 
0 
0 
1 
10 
0 
0 
0 
0 
0 
9 
9 
1 
1 
1 
0 • 
0 
10 
0 
0 
0 
0 
0 
• 
• 
1 
1 
1 
0 
1 
1 
10 
0 
0 
0 
0 
0 
9 
9 
1 
1 
1 
1 
0 
0 
10 
0 
0 
0 
0 
0 
• 
• 
1 
1 


1 
1 
0 
1 
10 
0 
0 
0_ 
0 
0 
9 
9 
1 
1 
1 
1 
1 
0 
10 
0 
0 
0 
0 
0 
• 
• 
1 
1 
1 
1 
1 
1 
10 
0 
0 
0 
0 
0 
9 
9 
1 
1 


X 
X 
X 
X 
10 
1 
0 
0 
0 
0 
- 
- 
- 
- 


X 
X 
X 
X 
10 
0 
1 
0 
0 
0 
0 
1 
1 
1 
X 
X 
X 


'" 
10 
0 
0 
1 
0 
0 
1 
0 
1 
1 
1 
X 
X 
X 
10 
0 
0 
0 
1 
0 
10 
10 
1 
0 
0 
X 
X 
X 
10 
0 
0 
0 
1 
0 
0 , 
1 
0 


X 
X 
X 
X 
10 
0 
0 
0 
0 
1 
0 
1 
0 
1 


JIJf!f!!t~_ 


16 
L SUFFIX 
1 
CERAMIC 
PACKAGE 
CASE 620 
P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


.".."'1~SUffl' 
Denote, 


L 
Ceramic 
Package 
f 
Plastic 
Package 


A 
Extended 
Operating 


Temperatur. 
Range 
e 
Limited 
Operating 


Temperature 
Range 


4 


5 
12 
Cne 
Eout 


11 
Ein 


Rate Input 
9 
Clock 
Out 
6 
Hj 
ST 


C 


A 
OUt 
6 
" 
B 
Multlpn... 
: 
C 
0 
"9" 


CI•• r 


,3 


Voo 
Tlow. 
25°C 
Th·"'· 
CharKteristic 
Symbol 
Vdc 
Min 
M.x 
Min 
Typ 
M.x 
Min 
Mox 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin ""VooorD 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin~OorVDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltage#" 
"0" 
Level 
VIL 
Vdc 
(Va' 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va' 
9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
IVo' 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(Va· 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va· 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va· 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
fAL Device) 
'OH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VGH ~ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
IVOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IVOH • 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
. -2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
IVOL • 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
IVOL • 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Devicel 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
IVOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(AL Device) 
lin 
15 
to.l 
to.OOOOl 
.to.l 
± 1.0 
.uAdc 


Input Current 
ICL/CP 
Device) 
tin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
tl.0 
,.,Adc 


Input 
Capacitance 
Gin 
.. 
- 
5.0 
7.5 
pF 
IVin = Ol 


Quiescent Current 
(AL Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
Jl-Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CL/CP 
Device) 
laD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
I-lAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
IT = 10.85 ~AlkHzl 
f + 100 
,.,Adc 


(Dynamic 
plus 
Quiescent, 
10 
IT =(1.75 
~A/kHzl 
f + laD 


Per 
Package) 
15 
IT =(2.6 
~AlkHzl 
f + loa 
(eL 
= 50 pF on all outputs. all 
buffers switching) 


·Tlow 
= -55°C 
for AL Device. 40°C 
for cLlep 
Device. 


Thigh ""+125~C for AL Device. +850C for CLlCP 
Device. 


;c:Noiseimmunity 
specified for worst·case input combination. 


Noise Margin for both "1" and "O"level 
= 1.0 Vdc min@VDO 
= 5.0 Vdc 
2.0 Vdc min@ Vaa 
= 10 Vdc 
2.5 Vdc min@Vaa 
= 15 Vdc 
fTo calculate total supply current at loads other than 50 pF: 


'TICL) 
= 'T(50 
pF) 
+ 1.2 
• 10-3 (CL -501 Vaa' 
where: 
IT is in J,JA(per package). CL in pF. VOD 
in Vdc, and f in kHz is input fr~uency. 


··The 
formulas given are for the typical characteristics only at 25°C. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


II 


a..roct.rlotic 
Symbol 
VDD 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
n. 


tTLH = 13.0n./pF) CL + 30 n. 
5.0 
- 
100 
200 


tTLH - 11.5n./pF) CL + 15 n. 
10 
- 
50 
100 


tTLH = 11.1n./pFI CL + 10 n. 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
n. 
tTHL' 
11.5ns/pFI CL + 25 n. 
5.0 
- 
100 
200 
tTHL' 
10.75n./pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL - 10.55ns/pFI CL + 9.5 n. 
15 
- 
40 
80 


Propagation 
Delay Time 
tpHL. 
n. 
Clock to Out 
tPHL 
tPLH. tPHL = 11.7n./pF} CL + 115 n. 
5.0 
- 
200 
400 
tPLH. tPHL = 10.66n./pF} CL + 67 n. 
10 
- 
100 
200 
tpLH. tpHL • '10.5ns/pF) CL + 45 n. 
15 
- 
70 
140 


Clock to Out 
tpLH. 
n. 
tPLH. tpHL = 11.7n./pFI CL + 40 n. 
tPHL 
5.0 
- 
125 
250 
tpLH. tpHL • 10.66n./pFI CL + 32 ns 
10 
- 
65 
130 
tPLH. tpHL • 10.5n./pFI CL + 20 ns 
15 
- 
45 
90 
Clock to Eout 
tPLH. 
n. 
tpLH. tpHL • 11.7n./pFI CL + 210 n. 
tpHL 
5.0 
- 
295 
590 
tPLH. tPHL • 10.66ns/pF} CL + 97 n. 
10 
- 
130 
260 
tpLH. tpHL ·10.5 n./pFI CL + 60 ns 
15 
- 
85 
170 


Clock to "9" 
tpLH. 
n. 
tPLH. tpHL = 11.7n./pFI CL + 315 n. 
tpHL 
5.0 
- 
400 
800 
tPLH. tpHL = 10.66ns/pFI CL + 122 ns 
10 
- 
155 
310 
tpLH. tpHL - 10.5n./pFI CL + 85 n. 
15 
- 
110 
220 


Set or Clear to Out 
tpHL 
n• 
•tpHL = 11.7ns/pF} CL + 295 n. 
5.0 
- 
389 
760 
tPHL· 
10.66n./pF} CL + 132 n. 
10 
- 
165 
330 
tpHL' 
10.5n./pF} CL + 85 n. 
15 
- 
110 
220 


Cascade 
to Out 
tpLH 
n. 
tpHL = 11.7n./pF} CL +40 n. 
5.0 
- 
125 
250 
tPHL = 10.66n./pF} CL + 32 n. 
10 
- 
65 
130 
tpHL 
= 10.5ns/pFI CL + 20 n. 
15 
- 
45 
90 


Strobe to Ou t 
tpLH 
n. 
tpHL = 11.7n./pFI CL + 145 ns 
5.0 
- 
230 
260 
tPHL· 
10.66n./pF} CL + 72 n. 
10 
- 
105 
210 
tPHL· 
10.5n./pFI CL + 45 ns 
15 
- 
70 
140 


Clock Pulse Width 
tWH 
5.0 
500 
250 
- 
n. 
10 
200 
110 
- 


I 
15 
150 
80 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
2.0 
1.2 
MHz 
10 
- 
4.5 
2.5 
15 
- 
6.0 
3.5 


Clock Pulse Rise and Fall Time 
tTLH. 
5.0 
- 
- 
15 
'" 
tTHL 
10 
- 
- 
5 
15 
- 
- 
4 


Set or Clear PulseWidth 
tWH 
5.0 
240 
80 
- 
n. 
10 
100 
35 
- 
15 
75 
30 
- 


Set Removal Time 
trom 
5.0 
0 
-20 
- 
n. 
10 
0 
-10 
- 
15 
0 
-7.5 
- 


Enable In setup Time 
lsu 
5.0 
400 
175 
- 
n. 
10 
150 
60 
- 
15 
120 
45 
- 


0123.561890123. 


Clock ruumruuuuulIUUU 


a. JUL11.fLfl.fL 


ab ~ 


ac ~ 


ad ~ 


A1 ----fl.-.-JL 


A2 ~ 


A3 ~ 


A4 --u-1.Jl.J 
OUtp:~:i~l:C:~ 
II 


B Enabled ~ 


C Enabled ...JL.IL.n..JLJ 


o Enabled .MIUL.ruUULJUlI 
I 


Eout 
W 
Output 
(Pin 6) ~ 
(Preset No. of 
1) 
-, 
(Pr••• t No. of 2) ~ 
I 
(Preset No. of 3) --"-.1L..J1+--1 


(PreMt 
No. of.1 -.ll..JLJLJLJl. 


(Pr •• 
t No: of 5) ..JL.JlILJL.1L. 


I 
(Preset No. of 6) ..JlIlIL.JlIlL. 


I 
(Pr ••• t No. of 7) --MfUlMIL.JUlfi 


(Preset No. of 8) J1IUUlJUlIlILnn 


(PreM. No. of 9) JUU1IUUUUULruuu 
II 


II 


A 
BOut 


C 


o 
<D Eout 
Clock 


Casc 


Note: 
Mor. 
then 
two 
MC14527Bs 
may 
tM casceded 
using 
this 
configuration. 


A 


B 


C 
o 
®Eout 
Clock 


II 


® MOTOROLA 


B 


The 
MC14528B 
is a dual, 
retriggerable, 
resettable 
mono- 
stable multivibrator. 
It may be triggered from either edge of an in- 
put pulse, and will produce an accurate output pulse over a wide 
range of widths, 
the duration 
and accuracy 
of which are deter- 


mined by the external timing 
components, 
Cx and RX. 


• 
Separate Reset Available 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Diode Protection 
on All Inputs 


• 
Triggerable 
from Leading or Trailing Edge Pulse 


• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two 
Low-power 
TTL Loads, One Low- 


power Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range 


• 
For Pulse Width 
Greater than 
1.0 
~S, the MC14548B 
Is 
Recommended 


Rating 
Symbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05 
to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-6510+150 
°c 


AX 
and ex 
are external 
component 
•. 


VOO = Pin 16 


Note: 
EJCt••..naliv 
ground 
pins 1 and 
15. 
VSS = 
Pin 8, 
Pin 
1, 
Pin 
15 


DUAL 
RETR IGGE RABL E/R ESETT ABL E 
MONOSTABLE 
MUL TIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


"' 
11SUffiX 
Oenot., 


L 
Ceramic 
Package 


P 
Pla.tic 
Package 
A 
Extended 
Oper.ting 


Temper.tur. 
Ranga 
e 
Limited 
Operating 
Temper.tur. 
Range 


Voo 
Tlow * 
25°C 
Th' 
h* 
Ch.rKtet'istic 
Symbol 
Vd. 
Min 
MI' 
Min 
Typ 
MIX 
Min 
MIX 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi" "-VooarO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi"'" 
oor 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
, 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO' 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 
(VOH 
= 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-0.7 
- 
-0.6 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
to.l 
- 
to.ooool 
to.l 
- 
11.0 
~Adc 


Input Current 
ICLlCP Device) 
lin 
15 
- 
± 0.3 
- 
to.OooOl 
±O.3 
- 
t 1.0 
~Adc. 


Input 
Capacitance 
,Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- , 
pF 
(Vin' 
0) 


Quiescent Current 
IAL Device) 
IOD 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CLlCP Device) 
IDD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
~ 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
• -Total 
Supply Current .t an external 
IT 
- 
IT(CL. CX) = IICL + O.36Cx)VDDf 
+ 2.10 
8 RXCX(VDD-2)2f) 
.10-3 
10Id 
Capacitlnce 
(CL)lnd 
It 
where: IT in ~A (per circuit). 
CL and eX in pF. RX in megohms, 
external timing 
ca~citance 
(eX). 
VOO in Vdc, f in kHz is input frequency. 


use the formula 
- 


-Tlow 
= -55°C for AL Device. -40oC for CL/CP Device. 


Thigh - +1250C 
for AL Device. +850C for CL/CP Divici. 


#Noise immunitY 
specified for worst-case input combination. 


Noise Margin for both "1" 
and "0" 
level = 1.0 Vdc min@ VOD 
'" 5.0 Vdc 
2.0 Vdc min @ VDD 
= 10 Vdc 
2.5 Vdc min @ VDD 
= 15 Vdc 


--The 
formulas given are for the typical characteristics 
only at 25°C. 


EJ 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


12 


6 
11 


10 


8 
9 


II 


Che,.uriatic 
Symbol 
Cx 
RX 
VDD 
Min 
Typ 
Mox 
Unit 
pF 
kO 
Vdc 


Output 
Rise Time 
tTLH 
n. 
tTLH - 13.0 n./pFI 
CL + 30 n. 
5.0 
- 
100 
200 


tTLH ~ 11.5 n./pF) 
CL + 15 n. 
10 
- 
50 
100 


'TLH' 
11.1 n./pFI 
CL + 10 no 
15 
- 
40 
80 


Output 
Fall Time 
'THL 
- 
- 
n. 
tTHL· 
(1.5 n./pFI 
CL + 25 n. 
5.0 
- 
100 
200 
tTHL' 
10.75 n./pFI 
CL + 12.5 n. 
10 
- 
50 
100 
tTHL - 10.55 n./pFI 
CL + 9.5 n. 
15 
- 
40 
80 
Turn-Qff. Turn-Dn Delay Time - A or B to Q or <:i 
tpLH. 
15 
5.0 
n. 
tPLH. tPHL = 11.7 n./pFI 
CL + 240 n. 
tPHL 
6.0 
- 
325 
650 
tPLH. tPHL = 10.66 n./pFI 
CL + 87 n. 
10 
- 
120 
240 
tPLH. tPHL - 10.5 n./pFI 
CL + 65 n. 
15 
- 
90 
180 
Turn-Off, Turn-On DeilY Ti""e - A or B to a or n 
tPLH. 
1000 
10 
n. 
tPLH. tPHL· 
11.7 n./pFI 
CL +620n. 
tpHL 
5.0 
- 
705 
- 
tpLH •• 
iL - 10.66 n./pF) 
CL + 257 n. 
10 
- 
290 
- 
tpLH. tpHL - 10.6 n./pFI 
CL + 185 n. 
15 
- 
210 
- 


Input PulseWidth - 
A or B 
tWH 
15 
5.0 
5.0 
150 
70 
- 
n. 
10 
75 
30 
- 


15 
55 
30 
- 


twL 
1000 
10 
5.0 
70 
n. 
10 
- 
30 
- 


15 
- 
30 
- 
Ou-:put Pulse Width - a or 0 
tw 
15 
5.0 
5.0 
- 
550 
- 
n. 
(For eX < 0.01 ".F usegraph for appropriate 
VOO level,) 
10 
- 
350 
- 


15 
- 
300 
- 
Output 
Pulse Width - 
Q or II 
tw 
10.000 
10 
5.0 
- 
30 
t15 
I" 
(For eX > 0.01 IlF use formula: 
10 
- 
50 
t40 
tw - 0.2 RX Cx Ln (VOO - VSSJ It 
15 
- 
55 
t40 


Pulse Width Match between 
Circuits in the~. 
package 
tI . t2 
10.000 
10 
5.0 
- 
6.0 
25 
'l(, 


10 
- 
8.0 
35 
15 
- 
8.0 
35 


Reset Pr()p8glltion 
DeIlY - Co to a or ~ 
tpLH. 
15 
5.0 
5.0 
- 
325 
600 
n. 
tpHL 
10 
- 
90 
226 
15 
- 
60 
170 


1000 
10 
5.0 
- 
1000 
- 
n. 
10 
- 
300 
- 


R;;~igger lime 


15 
- 
250 
- 


trr 
16 
5.0 
5.0 
0 
- 
- 
n. 
10 
0 
- 
- 
15 
0 
- 
- 


1000 
10 
5.0 
0 
- 
- 
n. 
10 
0 
- 
- 
15 
0 
- 
- 
Min 
External Timing 
Resistance 
RX 
- 
- 
- 
6.0 
1000 
1000 
kO 


Externll 
Timing Capecitlnce 
Cx 
- 
- 
- 
No Limits . 
,.F 


The formulae 
given are for the typical 
characteristics 
only. 
RX is in Ohms. eX is in farads. 
VOO and VSS in volts. 
PWout 
in seconds. 
If eX> 
15 JlF, Use Discharge 
Protection 
Diode OX, per Fig. 7. 


Inputs 
Outputs 


Reset 
A 
B 
Q 
Q 


H 
f 
H 
.I'L 
"'lI" 
H 
L 
"\... 
n. 
"'lI" 
H 
f."'\.. 
L 
Not Triggered 
H 
H 
.r."- 
Not Triggered 


H 
L. H.'- 
H 
Not Triggered 
H 
L 
L, H,f 
Not Triggered 
L 
X 
X 
L 
H 
,-f 
X 
X 
Not Triggered 


·CX-15pF 
·CL-15pF 
AX" 5.0kn 


CHARACTERISTICS 
Co 
A 
B 


tPLH.tpHL. 
tTLH. 
tTHL 
VOO 
PG' 
VOO 
'w 


tPLH.tPHL· 
tTLH. 
tTHL 
VOO 
VSS 
PG2 
'W 


tpU1(A).tPHLIA), 
tw 
PG3 
PG' 
PG2 


NOTE; 
AC teu waveforms 
for PG1. PG2, and PG3 on 
n•• 
t page. 


EJ 


5o" 
50" 
A 


'WH 
tTLH 
tTHL 


tTHl 
tTLH 
B 
VOO 


Co 
VOO 


'WL 
'" 
II 


5o" 
a 


a 
5o" 


® MOTOROLA 


The MC14529B analog data selector is a dual 4-ehannel or single 
8·channel device depending on the input coding. The device is suit· 
able for digital as well as analog application, 
inclUding various one· 
of-four 
and one·of·eight data selector functions. Since the device has 
bidirectional 
analog characteristics 
it can also be used as a dual 
binary to l·of·4 or a binary to 1-of·8 decoder. 


• 
Data Paths Are Bidirectional 


• 
Quiescent Current = 1.0 nAlpackage typical 
@ 5.0 Vdc 


• 
10·MHz Operation 
(typical) 


• 
3·State Outputs 


• 
Linear "On" 
I'lesistance 


• 
"On" 
Resistance 120 Ohms typical 
@ 15 V 


• 
Low Noise - 
12 nVIv' Cycle, f;;' 
1 kHz typical 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power 
TTL Loads, One Low·power 


Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper· 


ature Range 


R.ting 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
Al 
DeVice 
TA 
-55 to +125 
°c 
CLlCP 
DeVice 
-40 to +85 


Storage Temperature 
Range 
Tstg 
~5 
to +150 
°c 


STX 
STy 
B 
A 
Z 
W 


1 
, 
0 
0 
xo 
VO 


1 
, 
0 
, 
x, 
v, 
, 
1 
1 
0 
X2 
V7 
, 
, 
1 
1 
X3 
v3 
., 
0 
0 
0 
xo 
, 
0 
0 
, 
X~ 
, 
0 
, 
0 
X2 
, 
0 
, 
1 
X3 
0 
, 
0 
0 
VO 
0 
1 
0 
, 
V1 
0 
, 
, 
0 
V2 
0 
1 
1 
1 
V3 


0 
0 
4> 
4> 
High 
Impedence 


Single 
a-Channel 
Mode 
1 Output 


(Z end W tied 
together) 


This device contains 
circuitry 
to protect the oootrol 
inputs against damage due to 
high static 
voltages 
or electric fields; however, 
it is advised 
that normal 
precautions 
be taken 
to avoid application 
of any voltage htgher than maximum 
rated voltages 


to this high-impedance 
circuit. 
A deStructive 
high·current 
mode may.occur 
if Vin 
or Vout 
is not constrained 
to the range Vss ~\(in 
or Vout ~VDD· 


DUAL~CHANNELANALOG 
DATA 
SELECTOR 
OR 
a·CHANNEL 
ANALOG 
DATA 
SELECTOR 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


."" 
"'11SUffiX 
Denote. 
L 
Cer.mic Peeke ••• 


P 
Plastic 
Packev- 
A 
Extended Oper.ting 
Temper.tur. Reng. 
C 
Limited Oper.ting 
Temper.tur. Renge 


T_" 
250C 
Thith" 
a--totlc 
F•••••• Symbol Va 
VOO 
Unit 


- 


Vdc 
Vdc 
Mo. 
Mln 
Mln 
Typ 
Mo. 
Mln 
Mo. 


Output Vol~ 
"0" Lewl 
1 
VOL 
0.0 
5.0 
- 
0.05 
- 
0 
0.05 - 
0.05 
Vdc 


Vln· VOO orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"l"LewI 
VOH 
0.0 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
10 
9.95 
- 
9.95 
10 
- 
9.96 
- 
Vln· 0 or VOO 
15 
14.96 
- 
14.95 
15 
- 
14.96 
- 


Input VoIt8gt ~ 
"O"LewI 
2 
VIL 
0.0 
Vdc 
(VO ·4.6 or 0.6 Vdc) 
6.0 
- 
1.5 
- 
2.26 
1.5 
- 
1.5 
(VO·9.00q.OVdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO· 13.6 or 1.6 Vdc) 
16 
- 
4.0 
- 
6.76 
4.0 
- 
4.0 


(VO • 0.6 or 4.6 Vdc) 
"1" Lovel 
VIH 
0.0 
5.0 
3.6 
- 
3.5 
2.76 
- 
3.5 
- 
Vdc 
(VO· 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO· 
1.6 or 13.6 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 


Input Cur••nt (AL Device)Control 
'in 
0.0 
15 
- 
to.l 
- 
to.OOOOl to.l 
- 
tl.0 
"Adc 


In~ut Cur••nt (CL/CP Device)Control 
-- 
lin 
0.0 
16 
- 
to.3 
- 
to.OOOOl to.3 
- 
t1.0 
"Adc 
I,,~ut c.p.eltllnce 
(Vin • 0) 
Cin 
0.0 
pF 


Control 
- 
- 
- 
- 
5.0 
7.6 
- 
- 


Switch Input 
- 
- 
- 
- 
8.0 
- 
- 
- 
Switch Output 
- 
- 
- 
- 
20 
- 
- 
- 
F_Through 
- 
- 
- 
- 
- 
0.3 
- 
- 
- 


·O'II•••• nt Curront IALDevice) 
3 
100 
- 
6.0 
- 
1.0 
- 
0.001 
1.0 
- 
60 
"Adc 
(Por Pockogo) 
10 
- 
1.0 
- 
0.002 
1.0 
- 
60 
15 
- 
2.0 
- 
0.003 
2.0 
- 
120 


o.lIOICOntCurroet (CL/CPOevico) 
3' 
100 
- 
5.0 
- 
6.0 
- 
0.001 
6.0 
- 
70 
"Adc 
(Per Pockogo) 
10 
- 
6.0 
- 
0.002 
5.0 
- 
70 
16 
- 
10 
- 
0.003 
10 
- 
140 


"ON" R.I._ 
(AL Device) 
4,5,6 
RON 
Ohms 
(VC· VOO, RL - 10 kO) 
(Vin • +5.0 Vdc) 
-6.0 
6.0 
- 
400 
- 
200 
460 
- 
640 
(Vin· -6.0 Vdc) 
- 
400 
- 
200 
480 
- 
640 
(Vln • to.26 Vdc) 
- 
400 
- 
190 
480 
- 
640 
IVln • +7.6 Vdc) 
-7.6 
7.6 
- 
240 
- 
160 
270 
- 
400 
(Vln • -7.6 Vdc) 
- 
240 
- 
160 
270 
- 
400 
(Vln • to.26 Vdc) 
- 
240 
- 
120 
270 
- 
400 
(Vin • +10 Vdc) 
0 
10 
- 
400 
- 
180 
460 
- 
640 
(Vin • +0.26 Vdcl 
- 
400 
- 
180 
480 
- 
640 
(Vln • +5.6 Vdc) 
- 
400 
- 
220 
460 
- 
640 
(Vin • +16 Vdc) 
0 
15 
- 
250 
- 
180 
270 
- 
400 
(Vln • +0.26 Vdc) 
- 
250 
- 
180 
270 
- 
400 
(Vln • +9.3 Vdc) 
- 
250 
- 
216 
270 
- 
400 


"O'N" ROIlltlInce(CL/CP Device) 
4.6.6 
RON 
Ohms 
(VC· VOO. RL ·10 
kO) 
(Vln • +5.0 Vdc) 
-6.0 
6.0 
- 
410 
- 
200 
480 
- 
560 
(Vin • -6.0 Vdc) 
- 
410 
- 
200 
480 
- 
560 
(Vln • +0.26 Vdc) 
- 
410 
- 
190 
480 
- 
560 
(Vin • +7.6 Vdcl 
-7.5 
7.5 
- 
250 
- 
160 
270 
- 
350 
(Vln· -7.6 Vdc) 
- 
250 
- 
160 
270 
- 
350 
" 
(Vln • to.26 Vdc) 
- 
250 
- 
120 
270 
- 
350 
(Vin • +10 Vdc) 
0 
10 
- 
410 
- 
180 
480 
- 
560 
(Vln • +0.26 Vdc) 
- 
410 
- 
180 
480' 
- 
560 
(Vln • +5.6 Vdc) 
- 
410 
- 
220 
480 
- 
560 
(Vln • +16 Vdc) 
0 
15 
- 
250 
- 
180 
270 
- 
350 
(Vln • +0.26 Vdcl 
- 
250 
- 
180 
270 
- 
350 
(Vln • +9.3 Vdc) 
- 
250 
- 
215 
270 
- 
350 
""ON" ROIlltlInce. 
- 
"RON 
Ohms 
Between eny 2 clrcultl in • common pecUgit 
(Vln • t6.0 Vdc) 
-6.0 
6.0 
- 
- 
- 
15 
- 
- 
- 
(Vln· t7.6 Vdc) 
-7]; 
7.6 
- 
- 
- 
10 
- 
- 
- 


II 


°Tlow· 
-660C for AL Device,-4OOCfor CL/CP Device 
"Thigh· 
+126oC for AL Device,+86OCfor CL/CP Device. 


~ollo 
immunity _If 
led for wo!'lt·.,.. 
input combination. 


NolooMIlrginfor both "I" end "0"1_1 
• 1.0 Vdc min. 
VOO· 6.0 Vdc 
2.0 Vdc min. 
VOO· 10 Vdc 
2]; Vdc min. 
VOO· 16 Vdc 


Typal 
MIIximurn 
CN'let.i.ic 
Fig ••• 
Symbol 
Vss 
VOO 
AIITy_ 
AL Dewic:e 
CL/CP Dewic:e 
Unit 


Vin to You! ProPlQlltion 
DeilY Time 
7 
tpLH.tPHL 
0.0 
5.0 
20 
«l 
60 
n, 


tCL· 
50 pF. RL ·1.0 
knJ 
10 
10 
20 
30 
15 
8.0 
15 
25 


Propagation 
DeilY 
Tim., 
Control 
to 
8 
tPHL·tPLH 
0.0 
5.0 
200 
«lO 
600 
n, 


Output. 
Vin • VOO or Vss 
10 
80 
160 
240 
(Vin " 
10 Vdc. CL· 
50 pF. 
15 
50 
120 
180 
Rl 
- 1.0 kn 
I 


Crosstalk, 
Control 
to Output 
9 
- 
0.0 
5.0 
5.0 
- 
- 
mV 


(Cl = 50 pF. Rl' 
1.0 kn 
J 
10 
5.0 
- 
- 


Rout - 10 knl 
15 
5.0 
- 
- 


Maximum Control Input 
10 
0.0 
5.0 
5.0 
MHz 
Pulse 
Frequency 
10 
10 
- 
- 


(Cl 
- 50 pF. Rl 
·1.0 
kn 
) 
15 
12 
- 
- 


Noise Voltage 
11.12 
- 
0.0 
5.0 
24. 
- 
- 
nV,..;r;ycre 
(f = 100 Hz) 
10 
25 
- 
- 


15 
30 
- 
- 


1f = 100 kHz) 
5.0 
12 
- 
- 


10 
12 
- 
- 


15 
15 
- 


Sine Wave (Distortion) 
- 
- 
'" 
(Vin - 1.77 Vdc RMS 
-5.0 
5.0 
0.36 
- 
- 


Centered 
@ 0.0 
Vdc. 
AL' 
10 kn. 
f· 
1.0 kHz) 


Input/Output 
Leakage Current 
- 
- 
nA 


(Vin = +5.0 Vdc. Vout = -5.0 
Vdc) 
-5.0 
5.0 
±0.001 
'125 
'126 
(Vin - -6.0 Vdc. Vout • +5.0 Vdc) 
-5.0 
5.0 
±0.001 
.125 
'125 
(Vin = +7.5 Vdc. Vout' 
-7.5 Vdc) 
-7.5 
7.5 
.0.0015 
.250 
'250 
(Vin = -7.5 Vd<. Vout' 
+7.5 Vdc) 
-7.5 
7.5 
.0.0015 
.250 
.250 


Insertion 
Loss 
- 
- 
d8 


(Vin - 1.77 Vdc 
-5.0 
5.0 
AMS centered 
@ 0.0 Vdc. 


f - 1.0 MHz. 


11011 - 20 Logl0 
~ 


Vin 
(Rl' 
1.0 kn) 
2.0 
- 
- 
(Al 
- 10 knl 
0.8 
- 
- 
(AL - 100 knl 
0.25 
- 
- 


(Al 
-1.0Mnl 
, 
0.01 
- 
- 


Bandwidth 
(-3 d81 
- 
BW 
-5.0 
5.0 
MHz 
1 Vin· 
1.77 Vdc 
AMS centered 
@ 0.0 Vdc) 
(RL ·1.0 
knl 
35 
- 
- 


IAL· 
10 knl 
28 
- 
- 


(RL· 
100 knl 
27 
- 
- 


(RL ·1.0 
Mn) 
26 
- 
- 
Feedthrough and Croutllk 
- 
- 
-5.0 
5.0 
kHz 


120 log10 
Vout• 
-50 dBI 
Vin 


(AL - 1.0 knl 
850 
- 
- 


(AL· 
10 knl 
100 
- 
- 
(AL -l00knl 
12 
- 
- 
(Al 
- 1.0 Mnl 
1.5 
- 
- 


B 


II 


Out 
VN 
1 k 


VSS 
Voo 


vSS - 0.0 V 
VI" 
-= 


VNL'" 
VN 
when 
IS - 
10lolA 


VNH" 
VOO 
-VN 
when 
IS - 
10 IlA 


.Pins 2.3,4,12,13 
end 
,. 
ere I.ft open. 


fl 


ut 


RL 
VSS 
VOO 


- 
-. 
VOO ~5V 
.•••.....V 
Vss 
- -5V t-- 


/' " 
/ 
........, 


VOO-7.5V 
0 
Vss 
--7.5V 


""" 
17 


I 


1200 
e 
wuz 
15 
~ 
::i" 
~ 
100 
Pz 
:f 
50 


:- 
--..... 
VOO ~ 10 V 
...•....i--'" 
Vss 
-OV 
/"' I'-... 
/ 
........, 


VOO-15V 
Vss 
-OV 


.•.•..•... ./' 


Quen·T.ch 
Model 
2283 
or Equiv 


Vss 


~~ 
- ~,8"'dC 
~ 
JA 
II 


f\~~-+2.5 
Vdc 


Vin 
- 
O.OVdc 
V--2,5 
Vdc 
X,V 
Input 


30 


~ 
25 


~ 
'20 
w 
'" 
~ 
15 
'"> 
~ 
10 
'"z 


R~ .1,I~U~~ 
IOLh 
- 


==E:: 
= 
'?k~ 
"- 
1.0Ul 


-3.0 dB IRL '1.0~ 
~ 
-3:0 d'B iR'L'; 'io kl1l 


-3.0 dB IRL: 
1.0 UI 


I 


2.11 


m 


lil 
-2.11 
g 
z 
-4.11 
0i 
-B.II 
~~ -B.II 
ii:~ 
-111 


1.0 M 


'in, INPUT 
FREOUENCY 
(Hl) 
B 


XO 


Xl 


9 
Z 


4 
X2 


5 
X3 


14 
YO 


13 
Y1 


10 
W 


12 
Y2 
VOO = Pin 16 


VSS" 
Pin 8 


11 
Y3 
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The MC14530B 
dual five· input 
majority 
logic gate is constructed 
with 
P·channel and N·channel 
enhancement 
mode devices in a single 
monolithic 
structure. 
Combinational 
and sequential 
logic expressions 
are easily implemented 
with 
the majority 
logic gate, often 
resulting 
in fewer components 
than obtainable 
with 
the more basic gates. This 
device can also provide 
numerous logic functions 
by using the Wand 
some of the 
logic 
(A thru 
E) inputs 
as control 
inputs. 


• 
Single Supply Operation 
- 
Positive or Negative 


• 
Ouiescent Current = 0.5 nA/package 
typical 
@ 5 Vdc 


• 
Input 
Impedance = 1012 ohms typical 


• 
High Fanout> 
50 


• 
Diode Protection 
on Inputs 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving 
Two 
Low-power 
TTL 
Loads, One Low-power 
Schottky 
TTL 
Load or Two 
HTL 
Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-{).5 to VDD + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
·40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


INPUTS 
A 8 C D E 
W 
Z 
For all combinations 
of inputs where 
three 
0 
1 
or more inputs are logical "0". 
1 
0 


For all combinations 
of inputs where three 
0 
0 
or more inputs are logical "1". 
1 
1 


This device 
contains 
circuitry 
to protect 
the inputs 
against 
damage 
due to high 
static 
voltages 
or electric 
fields; 
however, 
it is advised 
that 
normal 
precautions 
be 
taken 
to lIYoid application 
of any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this high~impedance circuit. 
For proper 
operation, 
it is recommended 
that Vin 
and Vout be constrained to the range VSS";;; (Vin or Voutl 
..;;;VOO' 


Unused inputs must be tied to an appropriate 
logic level (e.g., VSS or VOOI. 


DUAL 
5-INPUT 
MAJORITY 
LOGIC GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 
B 


."""'1l;SUffiX 
Denotes 


L 
Ceramic Package 


P 
Plastic Package 


A 
Extended Operating 
Temperature 
Range 
e 
Limited Operating 
Temperature 
Range 


Z • 
MS 
e w •..(ABC+A8o+ABE+ACD+ 
ACE+AoE+BCo+BCE+ 
BOE+COE)0W 


-M5 is a logical "1" 
If any thr.e or more 
inputs are logical "1". 
e == Exclusive NOR == Exclusiw 
OR 


MS 
W 
Z 


0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
1 


B 


Voo 
Tlow. 
25°C 
Th·lIh· 
Chairac:teristic 
Symbol 
Vdc 
Min 
M.x 
Min 
Typ 
M.x 
Min 
M.x 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin"'VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi" 
'= OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO ~ 4.5 
or 0.5 
Vdcl 
5.0 
- 
1.2 
- 
2.25 
1.25 
- 
1.15 


(VO = 9.0 
or 1.0 
Vdcl 
10 
- 
2.5 
- 
4.50 
2.5 
- 
2.4 


(VO = 
13.5 
or 1.5 Vdcl 
15 
- 
3.0 
- 
6.75 
3.0 
- 
2.9 


",,, 
Level 
VIH 


(VO ~ 0.5 
or 4.5 
Vdcl 
5.0 
3.85 
- 
3.75 
2.75 
- 
3.75 
- 
Vdc 


(VO = 
1.0 
or 9.0 
Vdcl 
10 
7.6 
- 
7.5 
5.50 
- 
7.5 
- 


(VO = 
1.5 
or 13.5 
Vdcl 
15 
12.1 
- 
12 
8.25 
- 
12 
- 


Output 
Drive Current (AL Device) 
IOH 
mAde 
1VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
lVOL • 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Cu"ent 
(CL/CP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


lVOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


lVOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL Device) 
Ii" 
15 
- 
to.l 
- 
'0.00001 
to.l 
- 
± 1.0 
~Adc 


Input 
Current 
(CL/CP 
Devicel 
lin 
15 
- 
±O.3 
- 
'0.00001 
±03 
- 
t 1 0 
~Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 
(Vin' 
0) 


Uuiescent 
Current 
(AL Device) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
7.5 
/olAdc 
(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


(luiescent 
Current 
(CLlCP 
Device) 
'DO 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
J.lAdc 
(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total 
Supply 
Current··t 
IT 
5.0 
'T' 
10.75 ~A/kHz) 
I + 100 
IolAdc 
(Dynamic 
plus 
Quiescent, 
10 
'T' 
(1.50 ~A/kHz) 
I + 100 
Per Package) 
15 
IT' 
12.25 ~A/kHz) 
I + 100 
(el"" 
50 pF on all outputs, 
all 
buffers switching) 


*Tlow 
- -5SoC 
for AL Device. 
-400C 
for CLlCP 
Device. 


Thigh 
- +12SoC 
for AL Device. 
+8SoC 
for CL/CP 
Device. 
#Nol. 
Immunltv 
specified 
for wor.t-ce. 
input 
combination. 
Stenderd 
familv 
noise margin 
speclfic.tion 
i, met for Iny 
one Input telted 
It 8 time. 


tTo 
Cllcullte 
totlll,upply 
current 
at loed. other than 
50 pF: 


IT(CL) 
c IT (SO pF) + 2 X 10.3 (CL -601 VOOI 
Where: IT II in ~A (per pockage), 
CL in pF. VOO in Vdc •• nd Iin kHz il inpullrequoncy. 
--The 
formula, 
given Ir. 
for the typiCiI chlracterlstics 
only 11 26° C. 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
lTLH 
ns 


lTLH' 
13.0 ns/pFI 
CL + 30 ns 
5.0 
- 
100 
200 
lTLH 
- 11.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 
lTLH 
-ILl 
ns/pFICL 
+ IOns 
15 
- 
40 
80 


Output 
Fall Time 
lTHL 
ns 
lTHL 
= 0.5 
ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 
lTH L = 10.75 ns/pF I CL + 12.5 ns 
10 
- 
50 
100 
lTHL' 
10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


ProPagation Oe'lay Time 
lPLH 
ns 
A. C. W = VOO; 
B. E = Gnd; 0 = Pulse Generator 
lpLH' 
11.7 ns/pFI 
CL + 290 ns 
5.0 
- 
375 
960 


lpLH' 
10.66 ns/pFI 
CL + 127 n. 
10 
- 
160 
400 
lPLH' 
10.5 ns/pFJ 
CL + 85 ns 
15 
- 
110 
300 


lpHL' 
11.7 n./pFJ 
CL + 345 ns 
lPHL 
5.0 
- 
430 
1200 
ns 
lpHL 
= 10.66 ns/pFJ 
CL + 162 ns 
10 
- 
195 
540 
lPHL' 
10.5 n./pFI 
CL + 95 ns 
15 
- 
120 
410 


A. B. C. D. E - Pulse Generator; W ""VOO 
lPLH 
ns 
lPLH' 
11.7 ns/pFI 
CL + 170 ns 
5.0 
- 
255 
640 
lpLH 
= 10.66 ns/pFI 
CL + 87 ns 
10 
- 
120 
300 
lpLH 
- 10.5 ns/pFI 
CL + 60 ns 
15 
- 
85 
210 


lpHL' 
11.7 ns/pFI 
CL + 195 ns 
tpHL 
5.0 
- 
280 
750 
ns 
lpHL 
= 10.66 ns/pFI 
CL + 92 ns 
10 
- 
125 
330 
lPHL 
= 10.5 ns/pFI 
CL + 75 ns 
15 
- 
100 
250 


A. B. C. D. E = Gnd; W '" Pulse Generator 
lpLH, 
ns 
lPHL. lPLH' 
0.7 
ns/pFI 
CL + 145 ns 
lPHL 
5.0 
- 
230 
575 
lPHL, lpLH 
• 10.66 ns/pFI 
CL + 72 ns 
10 
- 
105 
265 
lpHL 
tPLH' 
10.5 ns/pFI 
CL + 50 ns 
15 
- 
75 
190 


A 


B 
Z 
C 
0 


E 
r 


CL 


W 


A 


B 


C 
Z 
0 


E 


W 
r 


CL 


8 
VSS 
20 ns 
20 ns 


~ 


50% 
VOD 
Vjn 
_ Duty __ 
Vss 
Cycle 


II 


II 


• 
y °0+1 
0 
0 
0 
0 
, 
a 
, 
0 
a 
, 
, 
, 


. 
y °0+1 
0 
0 
, 
0 
, 
2' 
, 
0 
2, 
, 
, 
0 


A flip·flop 
with 
three 
output 
conditions. 
where 
the third 
state 
is 
in oscillation between "1" 
and "0". 
The period of oscillation 
is twice the delay of the gate and the feedback 
element. 


.. 
y 
z °0+1 
0 
0 
0 
0 
0 
0 
, 
an 
0 
, 
0 
an 
0 
, 
, 
an 
, 
0 
0 
an 
1 
0 
, 
an 
, 
, 
0 
an 
, 
, 
, 
1 


The flip-flop changesstate only when all ""s" 
or aU "O's" are 
entered. 
This configurati0'1 
may 
be extended 
by cascading 
MS 
gates 
to cover 
n·inputs 
where 
all inputs 
must 
be ""s" 
or "O's" 


before the output will change. As an example, this configuration 
isuseful for controlling 
an n-stage up/down counter that is to cycle 
from a minimum to maximum count and back again without 
flipping over (from all ""5" 
to all "O·s".1 


w 
'~j~h 


DOUBLING 
THE 
WEIGHT 
OF 
INPUT 
VARIABLE 
A 
w 
BY TYING 
IT TO ANY 
TWO INPUTS 


Wflk'....~.. 
O.~O, 
•• 
W 


T 
W 
CORRELATION 
OF MULTIPLE 
SAMPLES 


o~ 
WITH 
A TEST 
BIT 
so 
A 
51 
B 
Z 
52 
C 
Correlation 
of 60%, 80%, 
, 00% 


S3 
0 
S4 
E~-~b 
~gUA 
Z 
S1 
C 
S2 
0 
S3 
E 


The gate will 
have a "'" 
output 
if the 
test 
bit 
To matches 
or cor· 


relates with 
3, 4 or 5 of the sample 
bits 
SO-54. 


W 


TO~ 
TO 
A 
TO 
B 
Z 
SO 
C 
Correlation 
of 100% 


S1 
0 
S2 
E 


Each package labeled MS IS a single major;ty 
logic 
gate 


uSing five 
Inputs. 
A thru E. and 
one output 
Z. 


1 
Maiority 
Logic Gate Array 
Yielding the symetric 
functIon 
of 1 thru 
7 variables 
true, ou t 
of 7 Input variables 
(X 1 ... 
X7) 


(e.g., if any two-input 
variables 
are true (logical ""'1. 
Z1 and 
Z2 are 
true 
(logical "1") 


® MOTOROLA 


II 


The MC14531B 12·bit parity tree is constructed with MaS p. 


channel and N·channel enhancement mode devicesin a single mono- 
lithic structure. The circuit 
consists of 12 data-bit inputs (DO thru 
011), and even or odd parity selection input .lW) and an output (Q). 
The parity selection input can be considered as an additional bit. 
Words of lessthan 13 bits can generatean evenor odd parity output 
if the remaining inputs are selected to contain an even or odd num- 
ber of ones, respectively. Words of greater than 12·bits can be ac- 
commodated by cascadingother MC14531B devices by using the W 
input. Applications include checking or including a redundant (par- 
ity) bit 
to a word for error detection/correction 
systems, controller 
for remote digital sensorsor switches (digital event detection/cor· 
rection), or as a multiple input summer without carries. 


• 
Noise Immunity = 45% of VDD typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
QuiescentCurrent - 
5.0 nA {packagetypical @ 5 Vdc 


• 
Variable Word Length 


• 
Diode Protection on All Inputs 


Rating 
Symbol 
Value 
Unit 


O~ 
Supply 
Voltage 
VOO 
-0510+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
-0510 
VOO + 05 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL 
DeVice 
TA 
-55 
to + 125 
°c 
CLlCP 
DeVice 
-40 
to +85 


Stora9~ Temperature 
Range 
T stg 
-65 
to +150 
°c 


DO 
7 


01 
6 


02 
5 


03 
4 


04 
3 


05 
2 


06 


07 
15 


08 
14 


09 
13 


010 
12 


011 
11 


Odd/Even 
W 10 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


"c,on'1~SUffiX 
Denote5 


L 
Ceramic 
Package 


P 
PlastiC Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


TRUTH TABLE 


INPUTS 
OUTPUT 


DECIMAL 
IOCTALI 
.w 
011 
010 
02 
01 
DO 
eQUIVALENT 
0° 
0 
0 
0 
0 
0 
0 
0 
'0' 
0 
0 
0 
0 
0 
0 
, 
, 
'" 
, 
0 
0 
0 
0 
, 
0 
2 
'21 
, 


0 
0 
0 
0 
, 
, 
J 
"I 
0 


0 
0 
0 
, 
0 
0 · ," 
1 


0 
0 
0 
, 
0 
, 
• 


,OJ 
0 


0 
0 
0 
, 
1 
0 · 


,., 
0 


0 
0 
0 
, 
, 
, 
, 
1" 
, 


, 
, 
, 
0 
0 
0 
8184' 
171701 
0 
, 
, 
, 
0 
0 
, 
81851171711 
1 
, 
, 
, 
0 
, 
0 
81861117121 
1 
, 
, 
, 
0 
, 
, 
81811111731 
0 
, 
, 
, 
, 
0 
0 
81881171741 
, 
, 
, 
, 
, 
0 
, 
8189 
(177751 
0 
, 
, 
, 
, 
, 
0 
8190 
1171761 
0 
, 
, 
, 
, 
, 
, 
81911111771 
, 


'0" 
E"en Pe•. ty 
Nelle 
M.v 
red.t.ne 
to •••.t eppllCel.on 
by 


1 •. Odd P.rlly 
'"an.puletlnt 
W and/o. 
oth •• e\le,leble 
0". 


Voo 
Tlow. 
25De 
Thi h· 
Chnact.ristic 
Symbol 
Vde 
Min 
Max 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Output 
VOltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
or a 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.g5 
5.0 
- 
4.95 
- 
Vdc 


Vi" 
Oar VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO" 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"". 
Level 
VIH 


(VO· 
0.5 or 4.5 Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO· 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
10H 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
. 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
I -2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAl 
DeVice) 
lin 
15 
'0.1 
'0.00001 
to.l 
, 1.0 
jJAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
, 0.3 
- 
'0.00001 
'0.3 
- 
, 1.0 
IJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


IV,n· 
01 


QUiescent 
Current (AL DeVice) 
100 
5.0 
5.0 
0.005 
5.0 
150 
/olAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


QUlescenl 
Current ICL/CP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0,015 
80 
- 
600 


Total Supply Current- • t 
IT 
5.0 
IT - 10.25 .A/kHzl 
, + 100 
IJAdc 
(DynamiC 
plus 
Quiescent, 
10 
IT 
c 10.50 .A/kHzl 
, + 100 
Per Package) 
15 
IT - 10.75 .A/kHz}' 
+ 100 
ICL - 50 pF on all outputs. all 
buffers SWitching) 


-Tlow 
-SSoC for AL DeVice. -40oC for CUC? 
Device. 


Thigh'" 
t12SoC 
for AL Device. t8S0C for CUC? 
Device. 


,l;NoiseImmunity 
spcl:ified for worst-case input combinatiun. 


NOise Margin for both "'" 
and "0" level'*' 1.0 Vdc min@VDD 
c:" 5.0 Vdc 
2.0 Vdc min@ VDD 
-'0 
Vdc 
2.S Vdc min@VDD 
.•.,S Vdc 
tTo calculate total supply current at loads other than SOpF: 


ITICL} " IT(50 pFI 
+ 1 • 10-3 ICL -50} VOO' 
where" IT is in IJA (per package). CL in pF. VOO in Vdc. and f In kHz is input frequency. 
- -The formulas given are for the typical characteristics only at 2SoC. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


II 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= 13.0 nslpF) 
CL + 30 ns 
5.0 
- 
100 
200 
tTLH = 11.5 nslpF) 
CL + 15 ns 
10 
- 
50 
100 
tTLH 
= 11.1 nslpF) 
CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 


'THL' 
11.5 nslpFI 
CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 nslpFI 
CL + 12.5 ns 
10 
- 
50 
100 
tTH L = 10.55 nslpF I CL + 9.5 ns 
15 
- 
40 
80 
f----.- 
- ----- 
----- 
----- 
--- 


ProPagation 
Delay 
Time 
tPLH. 
ns 
Data to Q 
tPHL 
tPLH. tPHL 
= 11.7 nslpF) 
CL + 355 ns 
5.0 
- 
440 
1320 
tPLH. tPHL 
= 10.66 nslpF) 
CL + 142 ns 
10 
- 
175 
525 


I 


tPLH. tPHL = 10.5 nslpFI 
CL + 95 ns 
15 
- 
120 
360 
Odd/Even to a 


I 


tPLH. tPHL 
= 11.7 nslpFI 
CL + 165 ns 
5.0 
- 
250 
750 
tpLH. 
'PHL = 10.66 nslpFI 
CL + 67 ns 
10 
- 
100 
300 


I 
tPLH. tPHL 
= 10.5 nslpFI 
CL + 45 ns 
j 
15 
- 
70 
210 
-- ------ 


20~S 
20n, 
90% ---VOO 


Input 
50% 
10" 
"55 


(0 or WI tPLH 
_ 
tpHL 
--VOH 


50% 


® MOTOROLA 


The 
MC14532B 
is 
constructed 
with 
complementary 
MOS 
(CMOS) enhancement mode devices. The primary function of a pri· 
ority encoder is to provide a binary addressfor the active input with 
the highest priority. 
Eight data inputs (DO tlvu D7) and an enable 
input (Ein) are provided. Five outputs are available, three are address 
outputs (00 thru 021, one group select (GS) and one enable output 
(Eoutl. 


• 
Ouiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to 
+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
I 
V," 
-0 5 to VOO + 0.5 
Vdc 


DC 
Current 
Dratn 
per 
Pin 
I 
10 
mAde 


OperatIng 
Temperature 
Range 
AL Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-6510+150 
°c 


INPUT 
OUTPUT 


Ein 
D7, 
D6 
D5 
D4 
D3 
02 
01 
DO 
GS 
02 
01 
00 
Eout 
0 
·X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


1 
1 
X 
X 
X 
X 
X 
X 
X 
1 
1 
1 
1 
0 


1 
0 
1 
X 
X 
X 
X 
X 
X 
1 
1 
1 
0 
0 


1 
0 
0 
1 
X 
X 
X 
X 
X 
1 
1 
0 
1 
0 


1 
0 
0 
0 
1 
X 
X 
X 
X 
1 
1 
0 
0 
0 


1 
0 
0 
0 
0 
1 
X 
X 
X 
1 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
1 
X 
X 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
X 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 


This device contains circuitry to protect the inputs ageinst damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum r.ted voltages to 
this high impedance circuit. 
For proper operation 
it is recommended that Vin and 
Vout be connrained to the rangeVSS" 
(Vin or Vout) 
" 
VOO. 


Unused inputl 
must always be tied to an appropriate logic voltage level (e.g., 


lither VSS or VOOI. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


." ••m 1~SUffiX 
Denotes 


L 
Ceramic 
Package 
P 
Plastic Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
" 
10 


8 
9 


II 


Voo 
flow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin ~ VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
f4.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
IVO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
IVO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


", 
.. Level 
VIH 
IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
{AL Devicel 
IOH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
IVOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
IVOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IVOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Cuueot 
(CLlCP 
Devicel 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-2.4 
- 
-1.7 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
IAl 
Device) 
lin 
15 
- 
to.l 
- 
'0.00001 
!O.l 
- 
! 1.0 
IJAdc 


Input Current 
ICLlCP 
Device) 
lin 
15 
- 
'0.3 
- 
'0.00001 
'0.3 
- 
, 1.0 
IlAdc 


Input Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 
IVin • 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
0.005 
50 
150 
uAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


(lulescent 
Current 
ICl/CP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT - 11.74 .A/kHz) 
f + 'DO 
/JAde 
(Dynamic 
plus Quiescent, 
10 
IT = (3.65 .AlkHz) 
f + 'DO 
Per Package) 
15 
IT = 15.73 .A/kHz} 
f 
• 
100 
(el 
= 50 pF on all outputs, all 
buffers switching) 


·Tlow::: 
-55°C 
for AL DeVice. -40oC 
for CLlCP 
Device. 


Thigh'" 
+1250C 
for AL Device. +-850C for CLlCP 
Device. 


Jl'Noiseimmunity 
spet.:ified for WOrst-case input combination 
Noise Margin for both "1" and "0" 
level'"' 1.0 Vdc min@ 
VDD 
'" 5.0 Vdc 
2.0 Vdc min@ VOO 
"10 
Vdc 
2.5 Vdc min@ 
VOO 
'" 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'TICLI 
= ITI50 pF} + 
5 
x 10-3 ICL -501 voot 
where: 
IT is in IJA (per packagel. CL in pF. VOD 
in Vdc. and f In kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


Ch.r.cteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Duput Rise Time 
ITLH 
ns 


ITLH: 
13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 


tTLH = 11.5 ns/pF) 
CL + 15 ns 
10 
- 
50 
100 


ITLH = 11.1 ns/pF) 
CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
ITHL 
ns 
ITHL: 
11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 
ITHL = 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


ITH L = (0.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Progagation Delay Time - 
Ein to Eout 
IpLH. 
ns 
IpLH. 
IpHL' 
(1.7 ns/pFI 
CL + 120 ns 
IPHL 
5.0 
- 
205 
410 
tpLH. 
IpHL 
• (0.66 ns/pF 
I CL + 77 ns 
10 
- 
110 
220 


IPLH. 
IPHL = (0.5 ns/pF 
I CL + 55 ns 
15 
- 
80 
160 


Propagation Delay Time ( Ein to GS 
IPLH. 
ns 
IPLH. 
tPHL 
= (1.7 ns/pFI 
CL + 90 ns 
IpHL 
5.0 
- 
175 
350 
IpLH. 
IpHL 
• 10.66 ns/pFI 
CL 57 ns 
10 
- 
90 
180 
IPLH. 
IPHL . (0.5 ns/pFI 
CL + 40 ns 
15 
- 
65 
130 


Propagation Delay Time - 
Ein to an 
tPHL. 
ns 
IPLH. 
IpHL' 
11.7 ns/pFI 
CL + 195 ns 
tPLH 
5.0 
.,- 
280 
560 
IpLH. 
IPHL = (0.66 ns/pF) 
CL + 107 ns 
10 
- 
140 
280 
IPLH 
IpHL = (0.5 ns/pFI 
CL + 75 ns 
15 
- 
100 
200 


Propagation Delay Time - 
On to an 
IPLH. 
ns 
IpLH. 
IpHL' 
11.7 ns/pFI 
CL + 265 ns 
IpHL 
5.0 
- 
300 
600 
IpLH. 
IpHL 
• (0.66 ns/pF) 
CL + 137 ns 
10 
- 
170 
340 
IpLH. 
IpHL' 
(0.5 ns/pFI 
CL + 85 ns 
15 
- 
110 
220 


Propagation Delay Time - 
On to GS 
IpLH. 
ns 
IpLH. 
IPHL' 
(1.7 ns/pF) 
CL + 195 ns 
IpHL 
5.0 
- 
280 
560 
IpLH. 
IpHL' 
to.66 
ns/pF) 
CL + 107 ns 
10 
- 
140 
280 
IpLH 
IPHL' 
to.5 ns/pF) 
CL + 75 ns 
15 
- 
100 
200 


Eon 


DO 
01 
Eout 
02 
00 


OJ 
0' 
04 
02 


OS 
GS 
06 
07 


Output 
VGS: 
VOO 
VGS' 
-VOO 
Under 
VOS"" Vout 
VOS = Vout -VOO 
Test 
Sink Current 
Source Current 
00 thru 07 
Ejn 
00 thru 06 
07 
Eon 
~ 
-X--- 
0 
0 
0 
1 
00 
X 
0 
0 
1 
1 
01 
X 
0 
0 
1 
1 
02 
X 
0 
0 
1 
1 
GS 
X 
0 
0 
1 
1 


II 


Pin 
No. 


EI 


DO 10 


01 
'1 


02 '2 


03 
13 


04 


05 
2 


06 
3 


07 
4 


Ein 
5 


Eout 
15 


Ein 
Eout 


DO 


0' 
QO 


Programmable 
02 


Pulse 
03 
Q, 
Generator 
04 


05 


06 
07 


VSS 


50% 


50% 


50% 


Eout'" Ein - 00.01 
- 02 - 03 - 04 - 05 - 06 - 07 
00'" Ein- (01 - 02.04.06 
+ 03 - 04 - 06" 
05 _ 06 + 07) 
01'" Ein _ (02 - 04 - 05 + 03 _ 04 _ 05 + 06 + 07) 
02 '" Ein - (04 + 05 + 06 + 07) 
GS= Ein - (00 
-+ 01 + 02 + 03 
-+ 04 
-+ 05 
-+ 06 + 07) 


II 


II 


DIGITAL 
TO ANALOG 
CONVERSION 


The 
digital 
eight· bit word 
to be converted 
is applied 
to the 
inputs 
of the MC14512 
with 
the most 
significant 
bit at X7 and 
the 
least significant 
bit at XO. A clock 
in· 


put 
of up to 2.5 MHz (at VDO = 10 VI is applied 
to the 
MC14520B. 
A 
compromise 
between 
Ibias 
for 
the 
MC1710 
and AR between 
Nand 
P·channel 
outputs 
gives 


a value 
of 
R of 
33 k ohms. 
In order 
to 
filter 
out 
the 


switching 
frequencies. 
RC 
should 
be about 
1.0 ms (if 
B = 33 k ohms. 
C "" 0.03 
pFI. 
The analog 
3.0 dB band· 


width 
would 
then 
be dc to 1.0 kHz. 


ANALOG 
TO DIGITAL 
CONVERSION 


An analog 
signal 
is applied 
to the analog 
input 
of the 
MCl710. 
A digital 
eight·bit 
word 
known 
to represent 
a 
digitized 
level less than the analog 
input 
is applied 
to the 
MC14512 
as 
in 
the 
0 
to 
A conversion. 
The 
word 
is 
incremented 
at 
rates 
sufficient 
to allow 
steady 
state 
to 
be reached 
between 
incrementations 
(i.e. 
3.0 
ms). The 
output 
of 
the 
MC1710 
will 
change 
when 
the 
digital 
input 
represents 
the 
first digitized 
level "above the analog 
input. 
This 
word 
is the 
digital 
representation 
of 
the 
analog 
word. 


Digital 
Input/Output 


8_1Bit 
Word 


to be Convened 


Stop 
Word 
I ncr.mentation 


(~ 
MOTOROLA 


The 
MC14534B 
is a complementary 
MOS circuit 
composed 
of 
five decade 
ripple 
counters 
that 
have their 
respective 
outputs 
time 
multiplexed 
using 
an internal 
scanner. 
Outputs 
of each 
counter 
are 
selected 
by the 
scanner 
and appear 
on four 
BCD pins. 
The 
selected 
decade 
is indicated 
by 
a logic 
high 
on the 
appropriate 
digit 
select 
pin. 
Both 
BCD and digit select 
outputs 
have three·state 
controls 
pro· 
viding 
an "open·circuit" 
when 
these 
controls 
are high and allowing 
time 
multiplexing. 
Cascading 
may 
be 
accomplished 
by 
using 
the 
carry·out 
pin. The 
counters 
and scanner 
can be independently 
reset 
by applying 
a high to the counter 
master 
reset 
(MR) and the scanner 
reset 
(SR), 
The 
MC14534B 
was specifically 
designed 
for application 
in real time or event counters where continual updating and multi- 
plexed 
displays 
are used. 


• 
Four Operating 
Modes 
(See truth 
table) 


• 
Input 
Error 
Detection 
Circuit 


• 
Clock 
Conditioning 
Circuits 
for Slow Transition 
Inputs 


• 
Counter 
Sequences 
on Positive 
Transition 
of Clock A 


• 
Supply 
Voltage 
Range = 3.0 Vdc to lB Vdc 


• 
Capable 
of Driving 
Two 
Low·power 
TTL 
Loads, 
One Low·power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper· 
ature 
Range 


No.e-? .•3·Stet. 
Output 
Buffer 


,.~ 
"""" 
~yvn 
u ~:ERAMIC 
PACKAGE 


1 
CASe 
623 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


ORDERING 
INFORMATION 
." ••no 1~SUffi)( Denote, 


L 
Ceramic 
Package 


P 
Plastic Package 
A 
Extended 
Operating 


Temperature 
Range 
e 
.Limited 
Operating 


Temperature 
Range 


This 
device 
contains 
Circuitry 
to 
protect 


the inputs 
against 
damage due 
to high 
static 


voltages 
or 
electric 
fields; 
however. 
It 
is 


advised 
that 
normal 
precautions 
be taken 


to 
aVOid application 
of 
any 
voltage 
hIgher 


than 
maximum 
rated 
voltages 
to 
this 
high 
Impedance 
CirCUit. 
For 
peoper 
operation 
It 


IS recommended 
that 
Vtn 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
~ 
I VIn 
or 


Vout) 
~VDD' 


Unused 
inputs 
must 
alwavs 
be tied 
to an 
appropriate 
logic 
voltage 
level 
Ie g.. either 
Vssor 
VOO)· 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V," 
-0.5 
to 
VOD 
+ 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAdc 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


C L1CP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T st9 
-65 
to +150 
°c 


Voo 
Tlow . 
250C 
Th••••• 


Chuacteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Mift 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
VDO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
-- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or VDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 


Input 
VoltageU 
"0" 
Level 
VIL 
Vdc 


IVO - 4.5 or 0.5 Vdc) 
50 
1.0 
1.5 
1.0 
- 
1.0 
- 
- 
(VO 09.0 or 1.0 Vdcl 
10 
- 
2.0 
- 
3.0 
2.0 
- 
2.0 


(VO 
0 13.5 or 1.5 Vdcl 
15 
- 
3.0 
- 
4.5 
3.0 
- 
3.0 


(VO = 0.5 or 4.5 Vdcl 
"1" 
Level 
VIH 
5.0 
4.0 
4.0 
3.5 
- 
4.0 
- 
Vdc 


(VO = 1.0 or 9.0 Vdc) 
10 
8.0 
- 
8.0 
7.0 
- 
8.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
12 
- 
12 
11 
- 
12 
- 


Output 
Drive 
Current 
IAL 
DeVice) 
IOH 
mAdc 


(VOH 
25 Vdcl 
Source 
5.0 
-1.2 
- 
··1.0 
-1.7 
- 
-0.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
(VOH 
95 Vdcl 
10 
-0.62 
-05 
-0.9 
- 
-0.35 


(VOH 
13.5 Vdc! 
15 
-1.8 
, 
-1.5 
-3.5 
- 
-1.1 


(VOL - 0.4 Vdc) 
Sink 
10L 
5.0 
0.64 
~ 
0.51 
0.88 
- 
0.36 
-- 
mAde 


(VOL - 05 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Curren 
I (CL/CP 
DeVice) 
10H 
mAdc 


(VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
·0.6 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
-0.12 
- 


(VOH ·9.5 
Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH 
= 13.5 Vdcl 
15 
·1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


{VOL 
= 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Output 
Orive 
Current 
Pins 
1 and 22 
mArie 


(AL 
Device) 
(VOH = 2.5 Vdcl 
Soufce 
IOH 
5.0 
-0.31 
- 
-0.25 
-0.8 
- 
-0.17 
(VOH = 9.5 Vdcl 
10 
-0.31 
- 
-0.25 
-0.4 
-0 17 
- 


(VOH 0 13.5 Vdcl 
15 
-0.9 
- 
-0.75 
-1.6 
- 
-0.51 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.024 
- 
0.02 
0.03 
.- 
0.014 
-- 
mAde 


(VOL 00.5 Vdcl 
10 
0.06 
- 
0.05 
0.09 
- 
0.035 
(VOL 
= 1.5 Vdc) 
15 
1.3 
- 
0.25 
1.63 
- 
0.175 
- 


Output 
Drive 
Current 
- 
PinS 1 and 22 
mAde 


ICLlCP 
Oevice) 
(VOH = 2.5 Vdcl 
Source 
'OH 
5.0 
-0.11 
- 
-0.10 
'-0.8 
- 
-0.08 
- 


(VOH = 9.5 Vdcl 
10 
-0.11 
- 
-0.10 
-0.4 
- 
-008 
- 


(VOH = 13.5 Vdcl 
15 
-0.33 
- 
-0.30 
-1.6 
- 
-0.24 
- 


(VOL 
= 0.4 Vdc) 
Smk 
'OL 
5.0 
0.012 
- 
om 
0.02 
- 
0.008 
- 
mAdc 
(VOL = 0.5 Vdc) 
10 
0.03 
- 
0.025 
0.05 
- 
0.02 
- 


(VOL 
= 
1.5 Vdcl 
15 
0.14 
- 
0.12 
1.35 
0.10 
- 


Input 
Current 
(AL 
Devicel 
lin 
15 
- 
,0.1 
- 
,0.סס OO1 
'0.1 
-- 
,1.0 
,.,Adc 


Inpul 
Current 
(CL/CP 
Devicel 
lin 
15 
- 
±O.3 
- 
,0.סס OO1 
±0.3 
- 
, 1.0 
Jl.Adc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
-' 
-- 
pF 
IVin • OJ 


·Tlow"" 
-5S'OC 
for 
Al 
DeVice. 
-400C 
for 
CL/CP 
Device 


Thigh" 
+1250C 
for 
Al 
Device, 
+850C 
for 
Cl/CP 
DeVice. 


'Noise 
Immunity 
spectfied 
for 
worst·case 
Input 
combmatlon 


NOIse Margin 
for 
both 
"1" 
and 
"0" 
level 
1.0 Vdc 
min@ 
VDD 
~ 5.0 Vdc 


2.0 Vde min 
@ VOD 
..: 10 Vdc 


2.5 Vdc min@VOD 
-' 15 Vdc 


Voo 
Tlow " 
25°C 
Thiah" 


Characteristic 
Symbol 
Vde 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
J.lAdc 
(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent Current (CUep 
Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
.uAdc 
(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current·· 
t 
IT 
5.0 
IT = 10.5 ~A/kHzl 
f + 100 
IolAdc 
(Dynamic plus Quiescent, 
10 
IT = 11.0~A/kHzl 
f + 100 
Scan Oscillator 
Per Package) 
IS 
IT = 11.5~A/kHzl 
f + 100 
Frequency 
= 1 kHz 


(el = 50 pF on all outputs, all 
buffers switching) 


Three-Stale Leakage Current 
'TL 
15 
to.l 
- 
,000001 
± 0.1 
- 
±3.0 
/JAde 


(AL 
Device) 


Th,ee·Stale Leakage CUlfent 
'TL 
15 
- 
±1.0 
- 
, 000001 
± 1.0 
- 
± 7.5 
,uAdc 


(CLlep Device) 


tTo calculate total supply current at loads other than 50 pF: 
• -The formulas given are for the typical characteristics only at 250C. 


Ir(CL) 
'" IT(SO pFI 
+ 1 x 10-3 ICL -50) VOOf 
where: IT is in,uA lper package.),CL in pF, VOO in Vdc, and f in kHz is input frequency. 


'L· 
Op 
A= 


Ch.raeteristic 
Symbol 
VOO 
°Min 
Typ 
Mo. 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH = 13.0 ns/pFI CL + 95 ns 
5.0 
- 
180 
360 
tTLH = 11.5 ns/pFI CL + 78 ns 
10 
- 
90 
180 
tTLH 
= 11.1 ns/pFI CL + 68 ns 
15 
- 
65 
130 
-- 
.- 


Output 
Fall Time 
tTHL 
ns 
tTHL = (1.5 ns/pFI CL + 117 ns 
5.0 
- 
100 
200 


tTHL 
·(0.75 
ns/pFI CL + 89 ns 
10 
- 
50 
100 
tTHL· 
(0.55 ns/pFI CL + 67 ns 
15 
- 
40 
80 


Propagation Delay Time, 
tPLH, 
~s 
Clock to Q 
tpHL 
tpLH. tpHL = (1.8 ns/pFI CL + 4.0 ~s 
5.0 
- 
4.0 
8.0 


tPLH. tPHL • (0.8 ns/pF I CL + 1.5 ~s 
10 
- 
1.5 
3.0 


tPLH. tpHL = 10.6 ns/pFI CL + 1.0 ~s 
15 
- 
1.0 
2.25 


Clock to Carry O·ut 
tpLH 
~s 
tpLH = (1.8 ns/pFI CL + 3.3 ~s 
5.0 
- 
3.3 
6.6 


tpLH = (0.8 ns/pFI CL + 1.1 ~s 
10 
- 
1.1 
2.2 
tPLH = (0.6 ns/pF) CL + 0.8 ~s 
15 
- 
0.8 
1.7 


Master Reset to Q 
tpHL 
~s 
tpHL = (1.8 ns/pFI CL + 1.8 ~s 
5.0 
- 
1.8 
3.6 


tpHL = (0.8 ns/pF) CL + 0.6 ~s 
10 
- 
0.6 
1.2 


tPHL = (0.6 ns/pFI CL + 0.5 ~s 
IS 
- 
0.5 
0.9 


Master Reset to Error Out 
tPHL 
~s 
tpHL = (1.8 ns/pFI CL + 0.57 ~s 
5.0 
- 
0.6 
1.5 


tPHL' 
10.8 ns/pFI CL + 0.19 ~s 
10 
- 
0.2 
.5 


tpHL = 10.6 ns/pFI CL + 0.11 ~s 
15 
- 
0.12 
0.38 


Scanner Clock to a 
tpLH. 
~s 
tPLH, tpHL' 
11.8 ns/pFI CL + 1.8~s 
tPHL 
5.0 
- 
1.8 
3.6 


tpLH, tpHL' 
(0.8 ns/pFI CL +0.6~s 
10 
- 
0.6 
1.2 


tPLH, tpHL = (0.6 ns/pFI CL + 0.5 ~s 
15 
- 
0.5 
0.9 


Scanner Clock to Digit Select 
'PLH. 
~s 
tpHL. tpLH' 
(1.8 ns/pF) CL + 1.5 ~s 
tPLH, 
5.0 
- 
1.5 
3.0 


IpHL, 
tpLH • (0.8 ns/pFI CL + 0.5 ~s 
10 
- 
0.5 
1.0 


tpHL. 
tpLH = (0.6 ns/pFI CL + 0.4 ~s 
15 
- 
0.4 
0.75 


Clock Pulse Frequency 
fel 
5.0 
- 
1.0 
0.5 
MHz 
10 
- 
3.0 
1.0 


15 
- 
5.0 
1.2 


Clock or SCanner Clock Pulse Width 
tWH 
5.0 
1000 
500 
- 
ns 
10 
500 
190 
- 
15 
375 
125 
- 


Master Reset Pulse Width 
'wHIRl 
5.0 
2000 
900 
- 
ns 
10 
600 
300 
- 
15 
450 
250 
- 


II 


, 
2 
3 
4 
5 
6 
7 
8 
9 
10 
102 
103 
104 
105 
106 


C'ock Ann 
n n n n n n n n __ n 
n __ n --Jl---..n.nI 
~L.f'"i""L.fI-f~""L.fL.ft 
-if- 
-ft- 
-rt- 
I 
II 
I 


H H H H H Ir--"r--l!r--i~r--l:r---L 
H 
Un;ts 00..J 
J-.I f-J ~ 
1-1 4J 
l-U 
H-' 
~ 
~ 
Li.J 
I 


~ 
"IIIII':'i:: 
Units01 
I I 
I I 
I 
I I 
, I 
I. 
I 
- -....,.-:- - - ....J.T- - -"""'f"+ 
- - ••••••••- - ............- 
I 
~' 
,I 
I, 
" 
1111: 
Units 02 
I I 
_ _ I:. __ " __-:..!. __~ 
__ ~ 
---- 
I 
-r'I 
~ 
II 
'I 
II 


Un;tl03 ---r--tL-:-t--:-v.-:~-:1l--:ilL 
Ii 
I 
I 
H 
' 
II' 
Un;tsC;;-;"4 
IL__~ 
__~ 
__~ ~---n.u.JlL 
I 
I 
I 
I 
,I I 


Ton,OO ----------r--~:~-w. 
--1+--:1. --1t+- 


Ton,03 --------.--:1l --1L --il__11. --i4- 


Ton, Cn + 4 -----------tl--Jt- uJi--Jl_-JU- 


Hund'od,OO 
r----u----il.--:il- _~ 


Hund,ods03 
--"'U- --i---1L--£- 


tl' ..n..' 
, I 
JiL11 
Hu ndreds 
Cn + 4 
n 
-------------------... 
-- -r t- -- 
1 
r- 11 


1 
, 
II 


- 
I, -.:1L--44-- 


I, 
Thousands 
00 -------------------- 
,: 
-I! 
;I I 


Thousends 
Q3 
--1l--- w- --J.W- 


tl' Jl--Jl.L11 
I, 
ThousandsCn 
+ 4 ----------------------- r'--t-' --m-', 
I, 
Ten Thousands 
00 ------------------------ 
d 
II 
I 


Ten Thou •• nds 03 
, 
I 
': 
~ 
--------------------------- 
~ ---~ 
I I 
II 
I 


Ten 
Thousands 
Cn + 4 
n... 
n ~ 
---------------------------~ 
__.JH- 


tL 


l 
M.,., ReMt l 
. 


Mode A 
Mode B 
First Decade Output 
Carry to Second 
Stage 
Application 


0 
0 
Normal 
Count end Display 
At 9 to 0 tr.nsition 
of first 
decede 
5-0eade 
Counter 


0 
1 
Inhibited 
Input 
Clock 
Test Mode: 
Clock directly 
into stages 1, 2. and 4. 


1 
1 
Inhibited 
At 4 to 5 transition 
of first 
decade 
4-decade counter 
with 
: 10 and roundoff 
at front 
end. 


1 
0 
Counts 
3,4,5,6,7 
<= 5 
At 
7 to 8 transition 
of first decade 
4-decade counter 
with 1/2 pence capabilitY. 


Counts 8,9,0,1,2:; 0 


1000 


500 


~ 
300 
!~ 100 
;;; 
50 
><u 
30 
~ 
w~.• 
10 
« 
;0j 
5.0 
« 
3.0 
Skew in this rtngl 
results in no Ifror 


1.0 
totlntld. 


3.0 
5.0 
1.0 


Note: 
If 
Mode 
B • 
1, tM first 
decade is inhibited 
and 51 will 
not go high, and 
the cycle will 
be shortened 
to four Itegel. 
DS5l, Mlected eutometh:elly when Sunn., R•• tgo •• 
high. 


I 
I 
I 
I 
Good 
Pulse ~I-E-"-O-'---E-r-ro-, 
3 
4 


Note: 
Error detector 
look, for inverted pul•• on Clock B. Whenever a positive 
edge at Clock 
A i, not 
eccompen~d 
by • nagltl ••.•pul •• at Clock e (or 
vice-verse) 
within 
a time 
period 
of 
the 
one-shots 
en error 
I, count-ef. 


Thr•• error. r•• ult In Error Out to go to. 
"'''. 
If .rror detection i, not 
nHded, tie Clock B high or low and I••.••••Pin. 1 end 22 unconnected. 


Notes: 


1. 
'the 
,kew 
i, the 
time 
difference 
be- 


tween 
the 
lOW-fa-high 
trensitlon 
of 
CA 
to 
the 
hlgh·to-Iow 
transition 
of 
Ce or vlce-ver ••. capacitor. 
Cl - C22 
ttee! from 
pin. 
1 end 
22 
to 
VSS' 


2. 
This graph Isaccurate for C1 - C22 ;;.: 
100 pF. 
3. When the error detection 
circu Itry is 
not uNdo pins 1 and 22 are left open. 


Skew in Ihisr."" 
!Ny or may not 
,.allt 
in aJunted 
.rror. 


II 


MC145348 
Jl... 
MC14534B 


Clock 
A 
Cout- 
Clock 
A 


Clock 
A 
QO 


Q1 
} ",0'•. 
MC145348 
Selected 


SC 
Q2 
Decade 


Q3 


When the Q outputs of a given decade are required, this configuration 
will 
lock up the selected decade within 
four clock cycles. The select Itne feed- 
back may be hardwired or switched. 


PIN ASSIGNMENT 


24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 


18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


This device contains 
circuitry 
to protect 


the 
inputs 
against 
damage 
due to 
high 
static 
voltages 
or electric 
fields: 
however, 


it is advised that 
normal precautions 
be 


taken to avoid application 
of any voltage 


higher than 
maximum 
rated voltages 
to 


this 
high 
impedance 
circuit. 
For proper 


operation 
it is recommended 
that 
Vin and 


Vout be constrained 
to the range VSS '" 


(Vin or Vout) 
<; VOO' 


Unused inputs 
must 
always 
be tied to an 
appropriate 
logic voltage 
level le.g. either 


VSS or VOO)' 


® MOTOROLA 


The MC14536B programmable timer is a flexible 24-stage ripple 
binary counter with 16 stagesselectable by a binary code. Provisions 
for an on-chip RC oscillator, or an external clock are provided. An 
on-chip monostable circuit 
incorporating 
a pulse·type output 
has 
also been included. By selecting the appropriate output 
in conjunc- 


tion with the correct input clock frequency, a variety of timing can 
be achieved. 


• 
24 Flip·Flop Stages- Will Count From 20 to 224 


• 
Last 16 StagesSelectable By Four-Bit Select Code 


• 
Input Allows Bypassing of First Eight Stages 


• 
Set and Reset Inputs 


• 
Clock Inhibit Input 


• 
On·Chip RC Oscillator Provisions 


• 
On·Chip Monostable Output Provisions 


• 
Clock Conditioning 
Circuit Permits Operation With Very 
Long 
Rise and Fall Times 


• 
Clock Input fmax = 3.0 MHz typical 
@ VDD = 10 Vdc 


• 
Counter Advances On Negative Going Edge of Clock 


• 
Test Mode Allows Fast Test Sequence 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper· 


ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
-0 5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operatmg 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


CLlCP 
DeVice 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


II 


Voo 
Tlow. 
25°C 
Thigh • 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= VOO 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 0 
or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage if 
"0" 
Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO ~ 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vdc 
(VO ~ 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO ~ 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (Al 
Device) 
10H 
mAde 


(VOH = 2.5Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdc) 
Pins 4 & 5 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOH ~ 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
mAde 


(VOH ~ 4.6 Vdc) 
Pin 13 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
1VOH= 9.5 Vdc) 
1.0 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL ~ 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL ~ 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CUCP Device) 
10H 
mAde 
(VOH ~ 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH = 4.6 Vdc) 
Pins 4 & 5 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH ~ 13.5 Vds) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH ~ 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
mAde 
(VOH ~ 4.6 Vdc) 
Pin 13 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL ~ 0.4 Vdc) 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL ~ 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
± 


IAL 
Device) 
lin 
15 
- 
±0.1 
- 
0.00001 
±0.1 
- 
± 1.0 
~Adc 


Input Current 
± 
(CUCP Device) 
lin 
15 
- 
±0.3 
- 
0.00001 
±0.3 
- 
± 1.0 
~Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin ~ 01 


Quiescent 
Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
~Adc 


(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent 
Current 
(CUCP 
Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
~Adc 
(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current··t 
IT 
5.0 
IT = (1.15 ~A/kHz) f + 100 
~Adc 


(Dynamic plus Ouiescent, 
10 
IT ~ (2.3 
~A/kHz) I + 100 
Per Package) 
15 
IT = (3.55 ~A/kHzl I + 100 
(el = 50 pF on all outputs, 
all buffers switching) 


• 
T10w = -55°C 
for Al 
Device, 
-40°C 
for cuep 
Device. 
Thigh 
= 
+ 125°C 
for AL Device. 
+85°C 
for CUCP Device. 
*' Noise immunity 
specified for worst·case 
input combination. 


Noise Margin for both "1" 
and "0" 
level = 


1.0 Vdc min @l VOO ~ 5.0 Vdc 
2.0 Vdc min 
@l VOO ~ 10 Vdc 
2.5 Vdc min 
@l VOD = 15 Vdc 


To calculate 
total supply current 
at loads other than 50 pF: 


IT (CL) ~ IT (50 pI) + 3 x 10-3 (CL-50) VOOI. 
where: IT is in ~A (Per Package) Cl in pF. VDD in Vdc and f in 
kHz is input frequency . 
•• 
The formulae 
given are for the tYpical characteristics 
only at 
25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time (Counter' Outputs) 
'TLH 
ns 


tTLH 
- 13.0 ns/pF) CL + 30 ns 
5.0 
- 
100 
200 
tTLH 
= 11.5 ns/pF) CL + 15 ns 
10 
- 
50 
100 
tTLH 
- (1.1 ns/pF) CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time (Counter Outputs) 
tTHL 
ns 


tTHL 
- 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
(0.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL' 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


ProPagation Delay Time 
tPLH, 
ns 
Clock to 01, 
8·Bypass 
(Pin 61 Hi9h 
tPHL 
tPLH, tpHL 
- 11.7 ns/pF) CL + 1715 ns 
5.0 
- 
1800 
3600 
tPLH, tPHL = (0.66 ns/pFI CL + 617 ns 
10 
- 
650 
1300 
tpLH, 
tPHL = 10.5 ns/pF) CL + 425 ns 
15 
- 
450 
1000 


Clock to 0 I, 8·8ypass IPin 6) Low 
tpLH, 
I'S 
tpLH, 
tPHL = (1.7 ns/pF) CL + 3715 ns 
tpHL 
5.0 
- 
3.8 
7.6 
tpLH, 
tpHL 
• 10.66 ns/pFI CL + 1467 ns 
10 
- 
1.5 
3.0 
tpLH, 
tpHL 
• (0.5 ns/pF) CL .• 1075 ns 
15 
- 
1.1 
2.3 


Clock to 016 
tPLH, 
I'S 
tpHL, 
tPLH = 11.7 ns/pFI CL + 6915 ns 
tPHL 
5.0 
- 
7.0 
14 
tPHL, tpLH 
• (0.66 ns/pFI CL + 2967 ns 
10 
- 
3.0 
6.0 
tPHL, tPLH - (0.5 ns/pFI CL + 2175 ns 
15 
- 
2.2 
4.5 


Reset to an 
tpHL 
ns 
tpHL = 11.7 ns/pFI CL + 1415 ns 
5.0 
- 
1500 
3000 
tPHL = 10.66 ns/pF) CL + 567 ns 
10 
- 
600 
1200 
tpHL = (0.5 ns/pF) CL + 425 ns 
15 
- 
450 
900 


Clock Pulse Width 
twH 
5.0 
600 
300 
- 
ns 
10 
200 
100 
- 
15 
170 
85 
- 
Clock Pulse Frequency 
fel 
5.0 
- 
1.2 
0.4 
MHz 
(50% DutY Cycle) 
10 
- 
3.0 
1.5 


15 
- 
5.0 
2.0 
Clock Rise and Fall Time 
tTLH, 
5.0 
- 
tTHL 
10 
No Limit 
15 


Reset Pulse Width 
twH 
5.0 
1000 
500 
- 
ns 
10 
400 
200 
- 
15 
300 
150 
- 


8·Bvl ass 
0 .c 8 
A 
0 
1 
• • • • 
• 
1 
• • • 
I ,. 
2 
• • , • 
" 
3 
• • , 
I 
12 
• 
• , • • 
13 
• 
• , • , 
" 
• 
• , 
1 
0 
I. 
7 
• 
I 
1 
I ,. 
• 
, • • • 
17 
• 
, 
0 
0 
1 
la 
,. 


I 
0 
I 
0 
" 
" 
1 • 
I 
I 
2. 
12 
1 
I • • 
21 
13 
1 
1 
0 
1 
22 
I. 
, 
1 
1 • 
23 
" 
, 
1 
1 
1 
2. 
'. 


Cloc:k 
Otc 
Oecode 
IN, 
So. 
Ae.t 
Inh 
'nh 
Outl 
Out2 
Out 
..r • 
• 
0 
• J 
""- 
No 
Ch.nge 
"'- 
"'- J 


Adv.nce 
0 
0 
0 
0 
'0 
n•• t It.~ 


X 
1 
0 
0 
0 
• 
1 
I 


X 
0 
1 
0 
• 
• 
1 
• 


X 
0 
• 
, 
0 
No 
Ch~ 
••• 


0 
0 
0 
0 
x 
0 
, 
No 
Ch~ 
••• 
J 
""- 
J 


Adv.nce 
1 
• 
• 
• 
'0 
,...t".~ 


II 


Set input 
initializes output 
to a ",". 
This is accom· 
plished by setting an output 
conditioning 
latch to a 1 
while at the same time resetting the 24 flip-flop 
stages. 
With the occurenceof the first negative transition of the 
clock, the output will changeto a "0". Whenthe circuit is 
in the Set condition, the counter flip-flop stageswill start 
counting on the second negative transition. The resulting 
behavior is the same as if each of the 24 flip-flop stages 


were 
set. 
Reset inputs resetsall stagesto a logical "0". Resetor 
Set also disables the on-chip RC oscillator to allow very 
low power standby operation_ Inl 
input is used as the 
external 
Clock input 
or as the input 
to 
the on-chip 
RC oscillator. 
Out 
I, 
Out 
2 outputs are used in the on-chip RC 
oscillator configuration. 
8-Bypass input bypassesthe first eight stagesresulting 


in a 16-stagecounter with all 16 stagesselectable,one at a 
time. Clock Inhibit 
input disconnects the first counter 


stagefrom the input circuit, therefore inhibiting counting_ 
This Clock Inhibit input is independellt of the state of the 


FIGURE 1 - TIME INTERVAL 
CONFIGURATION 
USING 
EXTERNAL 
CLOCK; SET AND CLOCK 
INHIBIT 
FUNCTIONS 


FIG~~~C3H7/~~;~JC~:T~~ 
C~~61;~S~~~~p~~SING 
Jl 


TO INITIATE 
TIME INTERVAL 
St." 


Clock input. When the Clock Inhibit input is disabled, 
the counter will start counting only with the occurrence of 
the first negativeedgeof the Clock. 
Binary Select inputs A, B, C, and D selectthe flip-flop 
stageto be connected to the output. DecodeOut output 
can either be connected directly to a flip-flop output or 
to the monostable output_ 050 Inhibit input can be used 
to disable the on-chip RC oscillator to allow very low 
power standby operation_ Mono In input is used as the 
timing pin for the on-chip monostable oscillator. If the 
Mono In input is grounded through a resistor, the mono- 
stable circuit 
is disabled and the output 
is connected 
directly to the selected flip-flop. The monostable circuit 
is enabled if a resistor is connected between this pin and 
VDD 
and a capacitor connected between this pin and 
ground. Any desired pulse width can beachieveddepend- 
ing upon the valueof the Rand C selected. 


The test mode configuration divides the 24 flip-flop 


stages 
into 
three 
8·stage 
sections 
to 
facilitate 
a fast 
test 
sequence.This test mode is enabled when 8-Bypass,Set 
and Resetareat a "I" 


FIGURE 2 - TIME INTERVAL 
CONFIGURATION 
USING 
EXTERNAL 
CLOCK; RESET AND OUTPUT 
MONOSTABLE TO ACHIEVE A PULSE OUTPUT 


I --j l- 
n 


t 
f"'- 
-2.3RTCC 
AS;;" 2 ATe 
f In Hz, 
A in ohms, 


C in Farads. 


II 


TYPICAL 
RC OSCILLATOR 
CHARACTERISTICS 


(For Circuit Oiag-am See Figure 3 in Application) 


lze~ 
«~ 
e 


~ 
.••.0 


=> 
d 
~ 
-8.0 


RTC '"56kU, 
{--RS 
"'0.f '" 10.15 kHz@' Voa '" 10V,TA" 25°C 
-16 C"'l000pF 
---RS"'120kH,f:7.8kHz@)VOO",IOV.TA=250C 


-55 
-25 
° 
25 
50 
75 
100 
125 


·Oevice 
Only. 
lA. 
AMBIENT 
TEMPERATURE 
(OC)- 


10 k 
100 k 


RTC. RESISTANCE 
(OHMS) 
0.001 
om 
C. CAPACITANCE 
•• 'I 


FIGURE 
6 - 
TYPICAL 
Cx vo,sus PULSE 
WIDTH 
@VDD 
= 5.0 V 


100 


] 
'" 
1O 
~; 
3: 
u"~~ 


2~ 


Formula 
for calculating 
IW 
in 
mitrORconds is IS follows: 


lW • 0.00247 
RX' 
CXO.B5 


Wher, AX is in kU, eX In pF. 


FIGURE 
8 - 
TYPICAL 
Cx v",sus 
PULSE 
WIDTH 
Ii' VDD = 15 V 


100 


] 
'" 
10 
•...e~ 
w"~~ 
~ 1.0 


ThiS 
deVice 
contains 
circuitry 
to 
protect 
the 
Inputs 
against 
damage 
due 
to 
high 
static voltages or electnc 
fields; however. 


It 
IS adVised 
that 
normal 
precautions 
be 


taken 
to 
aVOId 
application 
of 
any 
voltage 


higher 
than 
maximum 
rated 
voltages 
to 


thiS 
high 
Impedance 
CirCUit. 
For 
proper 


operation 
It 
IS recommended that V In and 


Vout 
be constrained to the range VSS ~ 


(Vin 
or Vout) 
I( VOO' 


Unused Inputs must always be tied to an 
appropnate logiC voltag"elevel (e.g.• either 
VSSo< 
VDDI. 


FIGURE 
9 - 
POWER 
OISSIPATION 
TEST 
CIRCUIT 
AND 
WAVEFORM 


VOO 


Test function 
(Figure 
11) has been included for the 
reduction of test time required to exercise all 24 counter 
stages. 
This test 
function 
divides 
the counter 
into 
three 
8·stagesections and 255 counts are loaded in eachof the 
8·stagesections in parallel. All flip·f1ops are now at a",". 
The counter is now returned to the normal 24-stagesin 
series configuration. 
One more pulse is entered into 
Inl 
which will causethe counter to ripple from an all "," 
state 
to an all "0" state. 


INPUTS 
OUTPUTS 
COMMENTS 


Decade 
Out 
In, 
Set 
Reset 
a·Bypass 
Q1 thru 024 
All 24 stages are in Reset mode. 
, 
0 
1 
1 
0 


1 
1 
1 
1 
0 
COunter is in three a·stage 
sections In parallel 
mode 


0 
1 
1 
1 
0 
First "1" 
to "0" 
transition 
of clock 


1 
0- 
t 
1 
1 
255 "1" 
to "0" 
tranSItions are clocked 
In the counter 
-- 
0 
1 
1 
1 
, 
The 255 .., .. to "0" 
tranSition. 


Counter 
con..,erted 
back 
to 
24 stages 
in series 
mode 
0 
0 
0 
0 
1 
Set and Reset must be connected 
together 
and simultaneously 
go 
from "1" to "0" 


1 
0 
0 
0 
1 
In1 
Switches 
to a "1" 


0 
0 
0 
0 
0 
Counter 
Ripples from 
an all "1" 
state to an all "0" 
state 


EJ 


~~ 
MOTOROLA 


DUAL 
PRECISION 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE 
MUL TIVIBRATOR 


II 


The MC145388 
is a dual, retriggerable, resetlable monostable 
multivibrator. 
It may be triggered from either edgeof an input pulse, 
and will 
produce an accurate output 
pulse over a wide range of 
widths, the duration and accuracy of which are determined by the 
external timing components, Cx and RX. 


• 
±1.0% Typical Pulsewidth Variation from Part to Part 


• 
±0.5% Typical Pulsewidth Variation over Temperature Range 


• 
New Formula: T = RC (T in seconds,R in ohms, C in faradsl 


• 
PulseWidth Range= 10 JJS to ~ 


• 
Symmetrical Output Sink and Source Capability 


• 
latched Trigger Inputs 


• 
Separate latched Reset Inputs 


• 
Quiescent Current (Standby) = 5.0 nA/package typical @ 5 Vdc 


• 
3.0 Vdc to 18 Vdc Operational limits 


• 
Triggerable from Positive or Negative·Going Edge 


• 
Capable of Driving Two low·power 
TTl 
loads, One low·power 
Schottky TTl 
load or Two HTl 
loads Over the Rated Tempera· 
ture Range 


• 
Pin·for·pin Compatible with MC145288 and CD45288 (CD4098) 


• 
For new designs, the Me 14548B 
is recommended for pulse 
widths 
greater than 
1.0 ~S and the MC 14528B 
for pulse 
widths less than 1.0 ~S. 


Rating 
Symbol 
Value 
Unit 
DC Supply 
Voltage 
Voo 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
OC 
CL/CP 
Device 
·40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
OC 


This device contains 
circuitry 
to protect 
the inputs 
against danage dJe to hig, 
static 
voltages 
or electric 
fields. 
however, 
it is advised 
that 
normal 
precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this hig,-impedance circuit. 
For proper operation it is recommended that Vin 


and 
Vout 
be constrained 
to the 
range 
VSS ~ 
(Vin or Vout) 
~ 
VOO. 


Unused 
inputs 
must 
always 
be tied to an appropriate 
logic voltage 
level (e.g., either 
VSS or VOO)' 


DUAL 
PRECISION 
RETR IGGE RABLE/RESETTABLE 
MONOSTABLE 
MUL TIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC,4XXXB ~SU~f;xc.,::,:t::Ck'.. 


L P 
PlastIC Package 


A 
Extended 
OperatIng 
Temperature 
Range 


C 
LimIted 
Operating 
Temperature 
Range 


Voo 
Tlow· 
250C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vi" = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
{yo = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vdc 
(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-036 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
_. 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current, 
Pin 2 or 14 
lin 
15 
- 
±O.O5 
- 
'0.00001 
, .05 
- 
'0.5 
J,.I.Adc 


Input Current, 
Other Inputs (AL Device) 
lin 
15 
- 
'0.1 
- 
'0.00001 
±0.1 
- 
:d.O 
"Adc 


Input Current, 
Other Inputs (CLlCP 
Device) 
lin 
15 
- 
'0.3 
- 
'0.00001 
'0.3 
- 
± 1.0 
.'lAde 


Input Capacitance. Pin 2 or 14 
Cin 
- 
- 
- 
- 
25 
- 
- 
- 
pF 


Input Capacitance, Other Inputs 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V in = 01 


Ouiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
"Adc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CL/CP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Quiescent Current, 
Active State 
100 
5.0 
- 
- 
- 
35 
- 
- 
- 
J,lAdc 
(01 = Logic 11 
10 
- 
- 
- 
80 
- 
- 
- 


(02 = Logic 01 
15 
- 
- 
- 
125 
- 
- 
- 


·-Total 
Supply 
Current at an external 
load 
IT 
capacitance 
(eL) and at external 
5.0 
IT = (3.5 x 10-2) 
RXCXf + 4CXf + 1 x 10-5 CLf 
timing network (Rx. eX) 
10.0 
IT = (8 x 10-21 RXCXf + 9Cxf + 2 x 10-5 CLf 
15.0 
IT = (1.25 x 10-1) 
RxCXf 
+ 12CXf + 3 x 10-5 CLf 


where: 
IT in IJA (one monostsble switching only). 
eX 
in IJF, CL in pF. RX in k ohms 
.. snd 
f in Hz is the input frequency. 


-Tlow"" -55°C 
for AL Device, -40oC for CLlCP Device. 


Thigh 
:It. +12SoC 
for AL Device, +8SoC for CL/CP 
Device. 
#Noise immunitY 
specified for worst-case input c·ombination. 
Noise Margin both "1" 
and "0" 
level"" 
1.0 Vdc min @ VOO:: 
5.0 Vdc 
2.0 Vdc min @VOO • 10 Vdc 
2.5 Vdc min @ VOO = 15 Vdc 
"The 
formulas given are for the typical characteristics only at 25°C. 


II 


All Typos 


VOO 
Ch.r.cteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
lTLH 
ns 


lTLH 
- (1.35 ns/pFI 
CL + 33 ns 
5.0 
- 
100 
200 


tTLH 
• 10.60 ns/pFI 
CL + 20 ns 
10 
- 
50 
100 


lTLH 
• 10.40 ns/pFI 
CL + 20 ns 
15 
- 
40 
80 


Output 
Fall Time 
lTHL 
ns 


lTHL 
• 11.35 ns/pFI 
CL + 33 ns 
5.0 
- 
100 
200 


lTHL 
- 10.60 ns/pF) 
CL + 20 ns 
10 
- 
50 
100 


lTHL 
- 10.40 ns/pF) 
CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
lpLH. 
ns 


AorBtoOorO 
lpHL 
tPLH.lPHL 
= 10.90 ns/pFI 
CL + 255 n. 
5.0 
- 
300 
600 


lPLH. lPHL 
= 10.36 n./pFI 
CL + 132 ns 
10 
- 
150 
300 


lPLH. tPHL 
= (0.26 n./pFI 
CL + 97 ns 
15 
- 
100 
220 
CD 10 QorO 
ns 


lPLH. lPHL = 10.90 ns/pFI 
CL + 205 n. 
5.0 
- 
250 
500 


lpLH. lpHL 
= 10.36 ns/pF) 
CL + 107 n. 
10 
- 
125 
250 
lpLH. lpHL 
= 10.26 n's/pF) CL + 82 ns 
15 
- 
95 
190 


Input 
Pulse Width 
tWH, 
5.0 
170 
85 
ns 


A. B or Co 
lWL 
10 
90 
45 
- 


15 
80 
40 
- 


Retrigger 
Time 
lrr 
5.0 
0 
- 
- 
ns 
10 
0 
- 
- 
15 
0 
- 
- 


Output 
Pulse 
Width 
- 
Q or a 
T 
~s 


Refer to Figures 
8 and 9 for other values of RX and eX- 


5.0 
198 
210 
222 
Cx = 0.002~F. 
Rx 
= 100 kn 
10 
200 
212 
224 
15 
202 
214 
226 


CX' 
0.1 ~F. RX' 
100 kn 
5.0 
9.3 
9.86 
10.4 
ms 
10 
9.5 
10 
10.5 
15 
9.6 
10.14 
10.7 


Cx 
= lO~F. 
RX -100 
kn 
5.0 
0.915 
0.965 
1.015 
s 
10 
0.93 
0.98 
1.03 
15 
0.94 
0.99 
1.04 


Pulse Width Match between circuits in 
loolTl 
- T21 
5.0 
- 
±5 
±10 
" 
the s~me 
package. 
Tl 
10 
- 
±7.5 
±15 
Cx - 0.1 ~F. RX = 100 kn 
15 
- 
±7.5 
±15 


External Tim iog Resistance 


External Timing Capacitance 


•• The maximum 
usable resistance 
RX is a function 
of the leakage of the capacitor eX_ leakage of the MC14538M, 
and leakage due 
to board layout 
and surface 
resistance. 
Susceptability 
to externally 
induced 
noise signals may occur for RX':> 
1 MO. 


t If eX> 
15 ~F. use discharge 
protection 
diode per Fig. 11. 


R 
a 
Output 


Latch 
S 
a 


CHARACTERISTICS 
Co 
A 
B 


tPLH. 
tPHL. 
tTLH. 
tTHL. 


VOO 
PG, 
VOO 
T. tWH. tWL 


tPLH. 
tpHL. 
tTLH. 
tTHL. 


VOO 
VSS 
PG2" 
T. tWH. 
tWL 


tPLHCR). 
tPHL(R). 
PG3 
PG' 
PG2 


tWH. 
tWL 


NOTE: 
Switching 
t •• t weveforma 


for 
PG1. 
PG2, 
PG3 
ere thown 
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FIGURE 6 - 
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TRIGGER OPERATION 
The block diagram of the 
MC145388 
is shown in 
Figure 1. with circuit operation following. 
As shown in Figures 1 and 10. before an input trigger 
occurs. the monostable is in the quiescent state with the 
o output 
low. and the timing capacitor Cx completely 
charged to VOO. When the trigger input A goes from 
Vss to VOO' (while inputs 8 and Co are held to VOO) a 
valid trigger is recognized. which turns on comparator 
C1 and N-Channel transistor N1<D. At the same time the 
output 
latch is set. With transistor 
N1 on•.the capacitor 
Cx rapidly discharges toward Vss until Vref 1 is reached. 
At this point the output of comparator C1 changes state 
and transistor N1 turns off. Comparator C1 then turns off 
while at the same time comparator 
C2 turns on. With 
transistor 
N1 off. 
the capacitor 
Cx begins to charge 
throulfo the timing resistor. Rx• toward VOO. When the 
voltage across Cx equals Vref 2. comparator C2 changes 
state. causing the output latch to reset (0 goes low) while 
at the same time disabling comparator 
C2 <2>. This ends 
the timing cycle with the monostable 
in the quiescent 
state. waiting for the next trigger. 
It should be noted that in the quiescent state Cx is 
fully charged to VOO causing the current through resistor 
Rx to be zero. Both comparators are "off" with the total 


LSl__ 
f4-T----l 


@ 
Positive 
edge 
, •. trlgger 
(pull. I~ngth.nln,,) 
® 
Reset 
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device current due only to reverse junction leakages. An 
added feature of the MC14538B is that the output latch is 
set via the input trigger without 
regard to the capacitor 
voltage. Thus. 
propagation 
delay from trigger to 0 is 
independent of the value of Cx. Rx. or the duty cycle of 
the input waveform. 


RETRIGGER OPERATION 
The MC14538B is retriggered if a valid trigger occurs 
(3)followed by another valid trigger@before the 0 output 
has returned to the quiescent (zero) state. Any retrigger. 
after the timing node,voltage at pin 2 or 14 has begun to 
rise from Vref 1. but has not yet reached Vref 2. will 
cause an increase in output 
pulse width T_ When a valid 
retrigger is initiated @. the voltage at T2 will again drop 
to Vref 1 before progressing along the RC charging curve 
toward VOO. The 0 output will remain high until time T. 
after the last valid retrigger. 


RESET OPERATION 
The MC14538B may be reset during the generation of 
the output pulse. In the reset mode of operation. an input 
pulse on CO sets the reset latch and causes the capacitor 
to be fast charged to VOO by turning on transistor PI <5>. 
When the voltage on the capacitor. reaches Vref 2. the 
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Q 
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13 


12 
Q 
6 
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VOO 
Co 
10 
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reset latch will clear. and will then be ready to accept 
another pulse. If the CD input is held low. any trigger 
inputs that occur will be inhibited and the Q and IT out- 
puts of the output 
latch will not change. Since the Q 
output is reset when an input low level is detected on 
the 
CD 
input. 
the 
output 
pulse 
T 
can 
be 
made 
significantly 
shorter 
than 
the minimum 
pulse width 
specification. 


POWER-DOWN 
CONSIDERATIONS 
Large capacitance values can cause problems due to 
the large amount 
of energy stored. 
When a system 
containing 
the 
MC14538B 
(or 
MC14528Bl 
is 


powered 
down. 
the capacitor 
voltage may discharge 
from VDD through the standard protection 
diodes at 
pin 2 or 14. Current through 
the protection 
diodes 
should 
be 
limited 
to 
10 
mA 
and 
therefore 
the 
discharge time of the VDD supply must not be faster 
than (VDD). (Cl!( 10 mAl. For example. if VDD = 10 V 
and Cx = 10 !1F.the VDD supply should discharge no 
faster than (10 VI x (10 !1FI!(10 mAl = 10 ms. This 
is normally 
not a problem 
since power 
supplies are 
heavily filtered and cannot discharge at this rate. 


When a more rapid decrease of VDD to zero volts 
occurs. the MC14538B 
can sustain damage. To avoid 
this possibility 
use an external 
clamping 
diode. 
DX. 
connected as show in Fig. 11. 
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The MC14539B data selector/multiplexer 
is constructed with 
MOS P-channel and N-channel enhancement mode devicesin a single 
monolithic 
structure. The circuit consists of two sections of four in- 
puts each. One input from each section is selected by the address 
inputs A and B. A "high" 
on the Strobe input will causethe output 
to remain "low". 
This 
device finds 
primary 
application 
in signal multiplexing 
functions. It permits multiplexing from N-lines to I-line, and can also 
perform 
parallel-to-serial conversion_ The Strobe input allows cas- 
cading of n-lines to n-Iines. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
High Fanout 
> 50 


• 
Input Impedance = 1012 ohms typical 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 'TTL Load or Two HTL LoadsOver the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Vol tage 
VDD 
-0510+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
--05 to VDD 
+ 0.5 
Vdc 


DC Curren 
I Drain 
per Pin 
I 
10 
mAde 


Operatmg Temperatur~ 
Range -- AL DevIce 
TA 
-55 
to +125 
°c 
CLlCP 
DevIce 
-40 
to +85 


Stordye 
Temperature 
Rdnge 
T stg 
-6510+150 
°c 


ADDRESS 
DATA 
INPUTS 
INPUTS 
X3 
X2 
Xl 
XO 
OUTPUTS 
B 
A 
Y3 
Y2 
YI 
YO 
ST.sr 
Z,W 


X 
X 
X 
X 
X 
X 
1 
0 
0 
0 
X 
X 
X 
0 
0 
0 
0 
0 
X 
X 
X 
1 
0 
1 
0 
I 
X 
X 
0 
X 
0 
0 
0 
I 
X 
X 
1 
X 
0 
1 


1 
0 
X 
0 
X 
X 
0 
0 
1 
0 
X 
I 
X 
X 
0 
1 
1 
I 
0 
X 
X 
X 
0 
0 
1 
1 
1 
X 
X 
X 
0 
1 


DUAL 4-CHANNEL 
DA TA SELECTOR/MULTIPLEXER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
~SU~f;Xc.::;:t::Ck.g. 
t: P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 
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Characteristic 
Symbol 
Vde 
Min 
M•• 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Von 
VOO or 0 
10 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n 
Oar VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" Level 
VIL 
Vdc 


1VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVb 
. 9.0 or 1.0 Vdcl 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"". 
Level 
VIH 
1VO - 0.5 or 4.5 Vdc) 
5.0 
3..5 
3.5 
2.75 
- 
3.5 
- 
Vdc 


IVO 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1 5 or 13.5 VdcJ 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drrve Current 
IAL Device) 
10H 
mAde 
IVOH • 2.5 VdcJ 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


IVOH " 9.5 VdcJ 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH' 
13.5 VdcJ 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL " 0.4 Vdc) 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL " 0.5 VdcJ 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL" 
1.5 VdcJ 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device) 
10H 
mAde 


IVOH " 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
1VOH " 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH • 9.5 VdcJ 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH" 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL " 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL" 
0.5 Vdcl 
10 
13 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL " 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVice) 
lin 
15 
- 
!O 1 
- 
'000001 
,01 
- 
! 10 
#JAde 


Input 
Current 
(CLlCP 
DeVice) 
lin 
15 
- 
'03 
'0.00001 
., 0.3 
- 
, 1.0 
JJAde 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
OF 


IV,n 
0) 


QUIescentCurrent (AL 
DeVice) 
100 
50 
50 
- 
0.005 
50 
- 
150 
jJAdc 


(Per Package) 
10 
10 
- 
0.010 
10 
300 


15 
20 
0.015 
20 
600 


QUIescent CuueO! (CLlCP DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.Q15 
80 
- 
600 


TOlal Supply 
Current·· 
t 
IT 
5.0 
IT" 
10.85 ~A/kHz) 
f + 'DO 
JJAdc 


(DynamIC 
plus 
Quiescent, 
10 
IT" 
11.7 ~A/kHz) 
, + 
100 
Per Package) 
15 
IT • (2.6 ~A/kHz) 
f + 
100 


ICL 
50 pF on all outputs, all 
buffers sWitching} 


·Tlow 
-SSoC for AL DeVIce,-400C for CLlCP Device. 


Thlgh'"- 
+ 12SoC for AL DeVice, +8SoC for CLlCP Oevlce. 


.:;NolseImmunity 
Sp~(;ifledfor worst-case Input combination 
NOiseMargIn for both ·'1" and ..a" level· 
1.0 Vdc min @ VOO 


20 
Vdc min @ VOO 
25 Vdc min @ VOO 


tTo calculate total supply current at loads other than SOpF 
ITICL) 
ITI50 pF) '2 
x 10-3 ICL -sOl VOO' 


where 
IT ISIn IJ.A(per packagel. CL In pF. VOD in Vdc. and f In kHz ISInput frequency 


• ·The formulas given are for the typical characteristics only at 2SoC. 


- S.OVdc 
- 10 Vdc 


15 Vdc 


~hiS de\l'ce contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad. 


ViSedthat .nor~al precautions be t~ken. t~ avoid application of any voltage higher than maximum rated voltages to this high im. 
pedance CirCUit. For proper operation It ISrecommended that Vin and Vout be constrained to the range VSS 
'i;; (V, 
or V 
I 
...;VOO. 
In 
out 


Unused Inputs must always be tied to an appropriate logic voltage level le.g., either VSS or VOOL 
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Ch.,aeteriltic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
'TLH 
n. 


tT LH = 13.0 n./pF J CL + 30 n. 
5.0 
- 
100 
200 
tTLH = 0.5 n./pFJ CL + 15 n. 
10 
- 
50 
100 
tTLH = 11.1 n./pF) CL + 10 n. 
15 
- 
40 
80 


Output Fell Time 
tTHL 
n. 
tTHL = 11.5 n./pF) CL + 25 n. 
5.0 
- 
100 
200 
tTHL 
= 10.75 n./pFI CL + 12.5 n. 
10 
- 
50 
100 
tTHL = 10.55 n./pFI CL + 9.5 n. 
15 
- 
40 
80 


ProPagation Delav Time 
tPLH. 
n. 
X, Y Input to Output 
tPHL 
tpLH. 
tpHL 
~ 11.7 n./pF) CL + 125 n.' 
5.0 
- 
210 
420 
tpLH. 
tpHL 
= 10.66 n./pF) CL + 57 n. 
10 
- 
90 
180 
tpLH. 
tpHL 
- 10.55 n./pF) CL + 45 ns 
15 
- 
70 
140 


A Input to Output 
tpLH 
n. 
tPLH = 11.7 ns/pFJ CL + 140 ns 
5.0 
- 
225 
450 
tpLH 
= 10.66 n./pF) CL + 77 ns 
10 
- 
110 
220 
tPLH = 10.5 n./pF) CL + 60 ns 
15 
- 
85 
170 


tpHL' 
11.7 ns/pF) CL + 160 ns 
tpHL 
5.0 
- 
245 
490 
n. 
tpHL = 10,66 ns/pFJ CL + 82 n. 
10 
- 
115 
230 
tPHL = 10.5 ns/pF) CL + 65 ns 
15 
- 
90 
180 


Strobe Input to Output 
tPLH. 
n. 
tpLH. 
ipHL 
= 11.7 ns/pF) CL + 60 n. 
tpHL 
5.0 
- 
145 
290 
tPLH. tPHL - 10.66 ns/pFJ CL + 42 ns 
10 
- 
75 
150 
tPLH. tPHL = 10.5 n./pF) CL + 35 n. 
15 
- 
60 
120 


Output 
(Test 
1) 


Output 
(Tests 2 and 3) 


TEST 
STR08E 
A 
XO 


1 
God 
God 
P, G 
2 
P. G. 
Gnd 
VOO 
3 
God 
P. G. 
VOO 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 
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The MC14541B programmable timer consistsof a 16-stagebinary 


counter. an integrated oscillator for use with an external capacitor 
and two resistors, an automatic power-on reset circuit, and output 
control logic. 


Timing is initialized by turning on power, whereupon the power· 


on reset is enabled and initializes the counter, within the specified 
VDD range. With the power already on. an external reset pulse can 
be applied. Upon releaseof the initial reset command. the oscillator 
will oscillate with 
a frequency determined by the external RC net- 


work. The 16-stagecounter divides the oscillator frequency (fosc) 
with the nth stagefrequency being foscl2n. 


• 
Available Outputs 2B• 210. 
213 or 216 


• 
Increments on Positive Edge Clock Transitions 


• 
Low Symmetrical 
Output Resistance 
(typically 
100 
Q at 15 Vdcl 


• 
Built-in Low Power RC Oscillator 


(± 
2% accuracy over temperature 
range and ± 20% sup- 


ply and ± 3% over processing at < 10 kHzl 


• 
Oscillator 
Frequency Range ~ DC to 100 kHz 


• 
Oscillator May Be Bypassed if External Clock Is Available (Ap- 
ply external clock to Pin 31 


• 
External 
Master 
Reset Totally 
Independent 
of 
Automatic 


Reset Operation 


• 
Operates as 2n Frequency Divider or Single Transition Timer 


• 
OlD Select Provides Output Logic Level Flexibility 


• 
Reset (auto or master) Disables Oscillator During Resetting to 
Provide No Active 
Power Dissipation 


• 
Clock Conditioning 
Circuit Permits Operation with Very Slow 
CLock Rise and Fall Times 


• 
Automatic 
Reset Initializes All Counters When Power Turns 


On (Limits 
- 
VDD from 8.5 Vdc to 18 Vdc when enabled 1 


• 
Supply Voltage Range 
3.0 
Vdc 
to 
18 Vdc 
with 
Auto 


Reset Disables (Pin 5 = VDDI 
8.5 Vdc to 18 Vdc with Auto 
Reset Enabled (Pin 5 = GND) 


Rating 
Symbol 
Value 
Unit 
DCSupplyVoltage 
VDD 
-0.5to+18 
Vde 


Input Voltage. All Inputs 
Vin 
-0.5 
to VDD +0.5 
Vde 


DC Current 
Drain per Input 
I 
10 
mAde 


DC Current Drain per Output 
I 
45 
mAde 


Operating 
Temperature 
Range 


AI Device 
TA 
-55to+125 
·C 
CL/CPDevice 
-40to 
+85 


Storage 
Temperature 
Range 
Tstg 
-65 
to + 150 
·C 


- 


• 
I 


14 
[! 
i 
I 


I I 
~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB ~SU~f,.c.~:,:t::Cka9. 


t= P 
PlastiC 
Package 


A 
E _tended 
OperatH'9 


Temperature 
Range 


C 
Limned 
Operating 
Temperature 
Range 


VOO 
Tlow• 
25°C 
Thigh" 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
M•• 
Min 
Mex 
Unit 


Output 
Voltage 
"0" 
L•••• I 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= VOO 
orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
L••••I 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi"· 
0 or Von 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
L•••• I 
VIL 
Vdc 


(VO 
K 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Vo 
K 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO ~ 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
L•••• I 
VIH 
Vdc 
(VO • 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO • 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO 
K 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
7.96 
- 
6.42 
12.83 
- 
4.49 
- 


(VOH 
K 9.5 Vdc) 
10 
4.19 
- 
3.38 
6.75 
- 
2.37 
- 


(VOH ·13.5 
Vdc) 
15 
16.3 
- 
13.2 
26.33 
- 
9.24 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
1.93 
- 
1.56 
3.12 
- 
1.09 
- 
mAde 


(VOL 
K 0.5 Vdc) 
10 
4.96 
- 
4.0 
8.0 
- 
2.8 
- 
(VOL· 
1.5 Vdc) 
15 
19.3 
- 
15.6 
31.2 
- 
10.9 
- 


Output 
Orive Current 
fCL/CP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
5.1 
- 
4.27 
12.83 
- 
3.5 
- 


(VOH ·9.5 
Vdc) 
10 
2.69 
- 
2.25 
6.75 
- 
1.85 
- 


(VOH • 13.5 Vdcl 
15 
10.5 
- 
8.8 
26.33' 
- 
7.22 
- 


(VOL ~ 0,4 Vdc) 
Sink 
'OL 
5,0 
1.24 
- 
1.04 
3.12 
- 
0.85 
- 


IVOL 
K 0.5 Vdc) 
10 
3.18 
- 
2,66 
8.0 
- 
2,18 
- 
(VOL = 1.5 Vdc) 
15 
12.4 
- 
10.4 
31.2 
- 
8.50 
- 


Input Current 
(AL Device) 
lin 
15 
- 
±0.1 
- 
~0.00001 
±0.1 
- 
±1.0 
I'Adc 


Input Current 
ICLlCP Device) 
lin 
15 
- 
±0.3 
- 
±0.ססOO1 
±0.3 
- 
±1.0 
I'Adc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin-O) 


Quiescent Current tAL Device) 
I'Adc 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
(Pin 5 is High) 
IDD 
10 
- 
10 
- 
0.010 
10 
- 
300 
Auto ROIet Disabled 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
ICLlCP 
Device) 
I'Adc 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
(Pin 5 is High) 
IDD 
10 
- 
40 
- 
O.OtO 
40 
- 
300 
Auto Reset Disabled 
15 
- 
80 
- 
0.015 
80 
- 
600 


Auto Reset Quiescent Current 
IlAdc 


IDDR 
10 
- 
250 
- 
30 
250 
- 
1500 
(Pin 5 is low) 
15 
- 
500 
- 
82 
500 
- 
2000 


Supply Current--t 
IlAdc 
(Dynamic 
plus Quiescent) 
5.0 
ID = (0.4I'A/kHz) 
f + IDD 
ID 
10 
ID = 10.8I'A/kHz) 
f + IDD 
15 
ID = 11.2I'A/kHz) 
f + IDD 


"Tlow· 
-55°C 
for AL Device, -40°C 
for CL/CP Device. 


Thigh - +1250C for AL Device, +850C for CL/CP Device. 
#N~I•• Immunity 
.pecifled 
for worst-case input combination. 


Noise Mergin for both "1" 
and "0" 
level' 
1.0 Vdc min (jl VDO 
K 5.0 Vdc 
2.0 Vdc min @ VDD 
- 10 Vdc 
2.5 Vdc min @VDD 
= 15 Vdc 


tWhen 
using the on chip oscillator the totllsupply 
current (in .uAdcl becomes: 
IT· 
10 + 2 ete VOO 
f )( 10-3 
where 10 is in #lA. ete is in 
pF. VOD in Volts DC, and f in kHz. Is•• fig. 3) 
Diui~tjon 
during power.()n with automatic 
reset enabled is typically 50~A. VOO 
••.10Vdc. 
·-The 
formula 
given 
is for the typical 
characteristics 
onlv. 
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Cheraeteristic 
VOO 
Typical 
Min 
Typ 
Mox 
Unit 
Symbol 
Vdc 


Output 
Rise Time 
'TLH 
ns 


'TLH' 
13.0 ns/pFI CL + 30 ns 
5.0 
- 
100 
200 


'TLH 
= (1.5 ns/pF) CL + 15 ns 
10 
- 
50 
100 


'TLH 
= (1.1 ns/pF) CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
'THL 
, 
ns 


tTHL 
= (1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


'THL 
= (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay, 
Clock to Q 
128 OUlput) 
'PLH 
~s 


'pLH. 
'pHL' 
0.7 
ns/pF) CL + 3415 ns 
'PHL 
5.0 
- 
3.5 
10.5 


IPLH. 'PHL 
= 10.66 ns/pF) CL + 1217 ns 
10 
- 
1.25 
3.8 


'PLH. 
'PHL = (0.5 ns/pFI CL + 875 ns 
15 
- 
0.9 
2.9 


Propagalion 
Delay. 
Clock 10 Q 1210 OUlpUI) 
'pHL 
I" 
IPHL. 'pLH 
= 11.7 ns/pFI CL + 5915 ns 
'pLH 
5.0 
- 
6.0 
18 


IPHL. 'PLH 
• 10.66 ns/pFI CL + 3467 ns 
10 
- 
3.5 
10 


'pHL. 
'PLH 
• 10.5 ns/pFI CL + 2475 ns 
15 
- 
2.5 
7.5 


Clock Pulse Widlh 
'WHlcl) 
5.0 
900 
300 
- 
ns 
10 
300 
100 
- 
15 
225 
85 
- 


Clock Pulse Frequency 
(50'*' 
DUly Cycle) 
fel 
5.0 
- 
1.5 
- 
MHz 


10 
- 
4.0 
- 


15 
- 
6.0 
- 


MR Pulse Widlh 
'WH(R) 
5.0 
900 
300 
- 
ns 
10 
300 
100 
- 
15 
225 
85 
- 


9 
0/0 
S.lect 


Number of 
Counter St.' 
Count 
A 
B 
n 
2" 
0 
0 
13 
8192 
0 
1 
10 
1024 
1 
0 
8 
256 
1 
1 
16 
65636 


Stlte 


Pin 
0 
1 
5 
Auto 
Reset 
Oper- 
Auto 
R •• 
t 
sting 
Ojllbled 
6 
Timer 
Op ••.• tion.1 
M •• ter Reset On 
9 
Output 
Initially 
Output 
Initially 
High 
Low Aft.r A••• t 
After 
R ••• 
t 
10 
Single 
Cycle 
Mo~ 
Aecycle 
Mode 


lzo 
;:: 
<~ 
o 


~ 
-4.0 
_ 


~ 
-8.0 


RTC' 
56 kll. J -- 
RS '0.1' 
10.15 kHl!;l VOO' 
10 V. TA' 
250C 


-16 
C·lOOOpF 
1---RS·I20kll.I.7.8kHlt'VOO·IOV.TA·250C 


-55 
-25 
0 
25 
50 
75 
100 
125 


TA. AMBIENT TEMPERATURE lOCI 


FIGURE 5 - 
RC OSCILLATOR 
FREQUENCY 
AS A 
FUNCTION 
OF RTC ANO CTC 


100 


50 
VOO·IOV 


% 


20 
f asafuncttor 


~ 


of RTC 


:> 
10 
IC' 
1000 pFI 


:;'i 
IRS·2RTCI 
~ 5.0 
f asa function 
~ 
of C 
e 2.0 
-IRTC 
= 56 kU) 
S 
IRS .120 
kn 
~ 1.0 
~ 
0 
0.5 


0.2 


0.11.0 
k 
10 k 
100 k 
1.0 m 
RTC. RESISTANCE 10HMS) 
00001 
0.001 
0.01 
0.1 
C. CAPACITANCE I!-FI 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 


however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maxi- 


mum rated voltages to this high impedance circuit. For proper operation it is recommended that Vin and Vout be 
constrained 
to the range VSS ~ (Vin or Vout) 
,,;; VDD. 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g. either VSS or VDD). 


Rte 


Cte 


R. 
NC 
4 
AR 


':' 
MA 
6 


.Sl..lnput 


':' 


With Auto Reset pin set to a "0" the counter circuit is 
initialized by turning on power. Or with power already on, 
the counter circuit is reset when the Master Reset pin is set 
to a "1". Both types of reset will result in synchronously 
resetting all counter stages independent of counter state. 
Auto Reset pin when set to a "1" provides a low power 
operation. 
' 
The RC oscillator as shown in Figure 3 will oscillate 
with a frequency determined by the external RC net- 
work i.e., 


f=~if(1 
kHz";f";100 
kHz) 
".J "tc"tc 


and 
RS'" 2 Rtc 
where RS;;' 10 kG 


The time select inputs (A and B) provide a two-bit 
address to output anyone of four counter stages (2B,210, 
213 and 216). The 2n counts as shown in the Frequency 
Selection Table represents the a output of the Nth stage 
of the counter. When A is "1", 216 is selected for both 
states of B. However, when B is "0", normal counting is 
interrupted and the 9th counter stage receives its clock 
directly from the oscillator (Le.,effectively outputing 28). 
The 010 select output control pin provides for a choice 
of output level. When the counter is in a reset condition 
and 010 select pin is set to a "0" the a output is a "0", 
correspondingly when 0/0 select pin is set to a "1" the 
a output isa "1", 
When the mode control pin is set to a "1", 
the 
selected count is continually transmitted to the output. 
But, with mode pin "0" and after a reset condition the 
RS flip-flop (see 
Expanded 
Block Diagram) resets, 
counting commences, 
and after 2n-' 
counts the RS 
flip-flop sets which causes the output to change state. 
Hence, after another 2n-' 
counts the output will not 
change, Thus, a Master Reset pulse must be applied or 
a change in the mode pin level is required to reset the 
single cycle operation. 


II 


When Master Reset (MR) receives a positive pulse, the 
internal counters and latch are reset. The a output goes 
high and remains high until the selected (via A and BI 
number of clock pulses are counted, the a output then 
goes low and remains low until another input pulse is 
received. 


This "one shot" is fully retriggerable and as accurate as 
the input frequency. An external clock can be used (pin 
3 isthe clock input, pins 1 and 2 are outputs) if additional 
accuracy is needed. 
. 


Notice that a setup time equal to the desired pulse 
width output 
is required immediately following initial 
power up, during which time a output will be high_ 
~---jtl-- 
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Advance Information 


DUAL MONOSTABLE MULTIVIBRATOR 


(RETRIGGERABLE, RESETTABLE) 


The MC14548B 
is identical in pinout to the MC14538B 
and the 
MC145288. 
This dual monostable multivibrator 
may be triggered by either the 
positive or the negative edge of an mput pulse, and will produce an out- 
put pulse over a wide range of pulse widths. Because the device has 
conditioned trigger inputs, there are no trigger-input rise and fall time 
restrictions. The output pulse width is determined by the external tim- 
ing components, 
RX and CX. The device has a reset function which 


forces the 0 output low and 0 output high, regardless of the state of 
the output pulse circuitry. 


• 
Unlimited Rise and Fall Times Allowed on the Trigger Inputs 


• 
Output Pulse Width is Independent of the Trigger Pulse Width 


• 
Latched Trigger and Reset Inputs 


• 
Supply Voltage Range = 3.0 to 18.0 Vdc 


• 
Recommended for all new designs in lieu of the , 452 8B and 
14538B 


• 
For pulse widths"" 
, liS, use the HC4538 
or MC14528B 


DUAL 
IRETRIGGERABLE, RESETTABLE) 
MONOSTABLE 
MULTIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Suffix 
Denotes 


T - L 
Ceramic 
Package 
L P 
Plastic 
Package 


PINASSIGNMENT 


GND 
VDD 


CX1/RXI 
15 
GND 


Reset1 
14 CX2/RX2 


Al 
13 Reset2 


BLOCKDIAGRAM 


81 
12 A2 


01 
11 
82 


VOO 
Qj 
10 02 


VSS 
9 
Q2 


Trigger';: 
1 4 


Inpuls'\:' 
5 


Resetl 3 


Trigger{2 
12 


Inputs 
82 11 


Voo= Pin 16 
Resel213 


VSS = Pin 1, Pin8, Pin 15 
AX and eX are external components 


FUNCTIONTABLE 


Inputs 
Outputs 


Reset 
A 
8 
Q 
Q 


H 
or 
H 
.J1. 
Lr 
H 
L 
"'\... 
.J1. 
Lr 
H 
or..•.•. 
L 
Not Triggered 


H 
H 
.r..•.•. 
Not Triggered 


H 
L, H;"'\... 
H 
Not Triggered 
H 
L 
L, H,or 
Not Triggered 
L 
X 
X 
L 
H 
-......r 
X 
X 
Not Triggered 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5to+18 
Vde 


Input Voltage, 
All Inputs 
Vin 
-0.5 
to VOO +0.5 
Vde 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 


L Device 
TA 
-55 
to + 125 
DC 


P Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65to+150 
DC 


This device 
contains 
circuitry 
to protect 
the 


inputs 
against 
damage 
due to high static 
volt- 


ages or electric 
fields; 
however, 
it is advised 


that 
normal 
precautions 
be taken 
to avoid 
ap- 


plication 
of 
any 
voltage 
higher 
than 
maxi- 


mum 
rated 
voltages 
to this 
high-impedance 


circuit. 
For 
proper 
operation 
it 
is 
recom- 


mended 
that 
Vin and Vout 
be constrained 
to 


the range 
GND2:IVin 
or Vout)2:VCc. 


Unused 
inputs 
must 
always 
be tied 
to an 


appropriate 
logic 
voltage 
level 
le.g., 
either 


GND 
or VCCl. 


Voo 
Tlow " 
25DC 
Thigh" 


Characteristic 
Symbol 
Vde 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
V 


Vin ~ VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
V 
Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage * * 
"0" 
Level 
VIL 
V 


(VO = 4.5 or 0.5 Vde) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vde) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 
or 1.5 Vde) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
V 
(VO = 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdel 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IOH 
mA 
(VOH = 2.5 Vdel 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vde) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vde) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 
Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mA 
1VOL = 0.5 
Vde) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL ~ 
1.5 Vde) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


± 


Input Current. 
Pin 2 or 1 4 
lin 
15 
- 
±0.05 
- 
0.00001 
±0.05 
- 
±0.5 
~A 


± 


Input Current. 
Other 
Inputs 
lin 
15 
- 
±0.1 
- 
0.00001 
±0.1 
- 
± 1.0 
~A 


Input Capacitance. 
Pin 2 or 14 
Cin 
- 
- 
- 
- 
25 
- 
- 
- 
pF 


Input Capacitance. 
Other 
Inputs 
Cin 
- 
- 
- 
- 
5.0 
7.5 
_. 
- 
-pF 
(Vin = 01 


Quiescent 
Current. 
Standby 
State 
'DO 
5.0 
- 
- 
10 
20 
- 
~A 
IQ = Logic 01 
10 
- 
- 
25 
40 
- 


(0 = Logic 1) 
15 
- 
- 
50 
80 
- 


Quiescent 
Current. 
Active 
State 
'DO 
5.0 
- 
- 
- 
- 
- 
- 
~A 
(Q = Logic 1) 
10 
- 
- 
- 
- 
- 
- 
(0 = Logic 0) 
15 
- 
- 
- 
- 
- 
- 


• 
Tlow 
= - 55° 
C for L Device. 
- 40° 
C for P Device. 


Thigh = + 125° 
C for L Device. 
+ 85° 
C for P Device . 


• * Noise immunity 
specified 
for worst-case 
input combination. 


Noise Margin 
for both "1" 
and "0" 
Jevel = 
1.0 
Vdc min at VDD 
= 5.0 
Vdc 


2.0 Vde min at VOO = 10 Vde 
2.5 Vde min at VOO = 15 Vde 


All Typo. 


VOO 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Ma. 
Unit 


Output 
Transition 
Time 
ns 
CorQ 
'TLH' 
5.0 
- 
100 
200 


'THL 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Delay Time 
'pLH' 
ns 


AorBtoOorQ 
'pHL 
5.0 
- 
200 
400 
10 
- 
100 
200 


I 
15 
- 
80 
160 


Reset to Q or Q 


I 


ns 
5.0 
- 
185 
370 
10 
- 
90 
180 
15 
- 
75 
150 


Input Pulse Width 
PWin 
5.0 
50 
25 
- 
ns 
A. B or Reset 
10 
30 
15 
- 


15 
20 
10 
- 


Retrigger Time 
'rr 
5.0 
- 
ns 


Input A or B 
10 
- 


15 
- 


Recovery Time 
tree 
5.0 
- 
ns 


Reset Inactive to A or B 
10 
- 


15 
- 


Input Rise and Fall Time 
t,.tf 
Reset 
5 
- 
- 
15 
~s 
10 
- 
- 
5 
15 
- 
- 
4 


Input A or B 
- 
no limit 
~s 


Output 
Pulse Width 
~ 
Q or i! 
T 
~s 


Cx = 15 pF. RX - 
5 Krl 
5.0 
1340 
10 
710 
15 
540 


Cx = 0.01 
~F. RX ~ 10 Krl 
5.0 
90.5 
ms 
10 
77 
15 
73 


Cx ~ 1.0 ~F. RX ~ 100 Krl 
5.0 
58 
s 


10 
56 
15 
49 


Pulse Width Match between circuits in 
~ 
the same package 
Tl 
5.0 
- 
± 1 
- 
% 


Cx ~ 0.1 ~F. Rx = 100 kn 
10 
- 
± 1 
- 


15 
- 
±1 
- 


External Timing 
Resistance 


External Timing Capitance 


The maximum 
allowable values of RX and eX are a function 
of the leakage of capacitor eX_ the leakage of the Me, 
45488, 
and leakage due to 
board layout and surface resistance. 
Values of AX and eX should be chosen so that the maximum current into pin 2 or pin 14 is 10 mA. Suscep- 


tibility 
to externally 
induced noise signals may occur for RX <: 1 MO. 


ponents 
These pIns are tIed to the common 
pomts of the external 
liming 
reSistors and capacitors 
lsee the Block DIagram) 


GND 
(Pins 
1 and 
15) 
- 
External 
ground 
The external 
timing 
capacitors 
discharge 
to ground 
through 
these pins 


A 1, A2 (Pins 4, 12) - 
Positive-edge 
trigger Inputs 
A rising-edge 
Signal 
on 
either 
of 
these 
pinS 
wIll 
trigger 
the 
corresponding 
multi vibrator when there ISa high voltage level on the B1 or 82 Input 


81, 
82 
(Pins 
5, 
11) 
- 
Negative-edge 
trigger 
Inputs 
A faillng- 
edge 
~lgnal on either 
of ihese 
pins will 
tngger 
(he corresponding 
muIIlVt::>rator when there ISa low voltage level on the A 1 or A2 Input 


Reset 1, Reset 2 (Pins 3, 13) - 
Reset tnputs (active low). When 
a low \ooltage ISapplied to one of these pins, the 0 output of the cor~ 
responding 
multlvlbrator 
IS reset to a low voltage and the 0 output 
IS 
set to a high voltage 


CX l/RX 1 and CX2/RX2 
(Pins 2 and 14) - 
External timing com- 


OUTPUTS 


Q 1, Q2 (Pins 6, 
10) 
- 
Nonlnverted 
monostable 
outputs 
These 
pinS (normally 
low) pulse high when the multlvlbrator 
is triggered 
at 
either the A or the B Input 
The width 
of the pulse IS determined 
by 
the external 
tIming components, 
RX and eX 


Q 1, 02 (Pins 7, 9) - 
Inverted 
monostable 
outputs 
These pins 
lnormally 
high) pulse low when the multlvlbrator 
IStriggered at either 
the A or the B Input 
These outputs 
are the Inverse of 01 
and 02 


I 
I~ 
~~~~~ 
J 


Figure 4 shows the 14548B 
configured in the retrig- 
gerable mode. Briefly, the device operates as follows (refer 
to Figure 11. In the quiescent state, the external timing 
capacitor, CX, is charged to VOO. When a trigger occurs, 
the Q output goes high and Cx discharges quickly to the 
lower reference voltage (Vref Lower"" 
1/3 VOOI. Cx then 


charges, through 
RX, back up to the upper reference 


voltage (Vref Upper= 2/3 VOOI, at which point the one- 
shot has timed out and the Q output goes low. 


The following, 
more detailed description of the circuit 
operation refers to both the function diagram (Figure 11and 
the timing diagram (Figure 2), 


In the quiescent state, before an input trigger appears, 


the output latch is high and the reset latch is high (# 1 in 
Figure 2). 
Thus the 
Q 
output 
(pin 6 or 
101 of the 
monostable multivibrator is low (# 2, Figure 2), 


The output of the trigger-eontrol is low (# 31, and tran- 


sistors M 1, M2, and M3 are turned off. The external timing 
capacitor, CX, is charged to VOO (* 41, and the upper 
reference circuit has a low output (if 51. Transistor M4 is 
turned on and transmission gate T1 is turned off. Thus the 
lower reference circuit has VOO at the noninverting input 
and a resulting low output (II' 6), 


In addition, the output of the trigger-control reset circuit 
is low. 


The 14548B is triggered by either a rising-edge signal at 


input A (:lFlI or a falling-edge signal at input B 1# 81, with 
the unused trigger input and the Reset input held at the 
voltage levels shown in the Function Table. Either trigger 
signal will cause the output of the trigger-eontrol circuit to 
go high (#9), 


The trigger-eontrol circuit going high simultaneously in- 


H 


QUiescenl 


Slate ..~t---------_ 


TriggerInput A 
<D 
_ 


IPin40r121 ---.J 


t,ates three events. First, the output latch goes low, thus 
taking the Q output of the 145488 
to a high state 1# 101. 


Second, transistor M3 's turned on, which allows the exter- 
nal timing 
capacitor, 
CX, to rapidly discharge toward 
ground 1#1 11.INote that the voltage across Cx appears at 
the input of the upper reference circuit comparator). Third, 
transistor M4 is turned off and transmiss,on gate T1 's turn- 
ed on, thus allowing the voltage across Cx to also appear at 
the input of the lower reference circuit comparator. 
When Cx discharges to the reference voltage of the 


Icwer 
reference 
cirCUit (#121, 
the 
outputs 
of 
both 
rE,ferencecircuits will be high l;/j 131. The trigger-eontrol 
reset cirCUitgoes high, resetting the trigger-control circuit 
flip-flop to a low state (#141. 
This turns transistor M3 off 
again, allowing Cx to begin to charge back up toward VOO, 
with a time constant t = RXCX 1#151. In addition, tran- 
sistor M4 is turned on and transmission gate T1 is turned 
off. Thus a high voltage level IS applied to the input of the 


lower 
reference 
circuit 
comparator, 
causing 
its output 
to go 
low 1:#16). The monostable multivlbrator may be retrig- 
gered at any time after the tngger-eontrol cirCUitgoes low. 


When Cx charges up to the reference voltage of the up- 


per reference circuit 
1#171, 
the output 
of the upper 
reference circuit goes low 1#181. 
This causes the output 
la'ch to toggle, taking the Q output of the 14548B to a low 
state 1#1 gl, and completing the time-out cycle. 


A low voltage applied to the Reset pin always forces the 


Q output of the 14548B 
to a low state. 
The timing diagram illustrates the case in which reset oc- 


curs (#201 
while Cx is charging up toward the reference 


voltage of the upper reference circuit 1#211. When a reset 
occurs, the output of the reset latch goes low 1#221, turn- 
ing on transistor M1. Thus Cx is allowed to quickly charge 
up to VOO 1# 231 to await the next trigger signal. 


When used in the retriggerable mode IFigure 41, the 


14548B may be retriggered during timing out of the output 
pulse at any time after the trigger-control circuit flip-flop 
has been reset (#241. 
Because the trigger-eontrol circuit 
flip-flop 
resets shortly after Cx has discharged to the 
reference voltage of the lower reference circuit 1# 251. the 
minimum retrigger time, trr (Figure 11is a function of inter- 
nal propagation delays and the discharge time of Cx. 


Figure 5 
shows the device configured 
in the 
non- 
retriggerable mode. 


Large values of Cx may cause problems when powering 
down the 145488 
because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, 
the capacitor 
may discharge from VOO 


through the input protection diodes at pin 2 or pin 14. Cur- 
rent through the protection diodes must be limited to 10 
mA, therefore, the turn-off time of the VOO power supply 
must not be faster than t = VOO, Cxlt 10 mAl. For exam- 
ple, if Voo 
= 5 V and Cx = 15 ~F, the VOO supply must 


turn off no faster than t = 15VI.115~FI110mA 
= 7.5ns. 


This is usually not a problem because power supplies are 
heavily filtered and cannot discharge at this rate. 
When a more rapid decrease of VOO to zero volts oc- 
curs, the 
14548B 
may sustain damage. To avoid this 
possibility, use an external clamping diode, OX, connected 
as shown in Figure 3. 


Rising-Edge 
Q 
Rising-Edge 
A 
A 


Trigger 
8 
Trigger 
8 
0 


Reset= VCC 
Reset~VCC 


Cx 
Cx 


A= VSS 


Q 
A 


Failing-Edge8 


Falling-Edge 
Q 
Trigger 
Trigger 


Reset= VDD 
Reset~VDD 


B 
--""'1__ 
50% _----11-- 
___I 


tr1~rtf 


--J(O:% ~--------------------------------VSS 


Device 
Under 
Test 


® MOTOROLA 


QUAD 
2·INPUT 
ANALOG 
MUL TIPLEXER/DEMUL 
TIPLEXER 


The MC14551 B is a digitally 
controlled 
analog switch. It is an 
effective 4 PDT switch with low ON impedance and very low OFF 
leakage cu·rrent. Control of analog signalsup to the complete supply 
voltage range can be achieved. 


• 
High On/Off 
Output Ratio - 
65 dB typical 


• 
Quiescent 
Current = 5.0 nA/Package typical at 5 Vdc 


• 
Low Crosstalk Between Switches 
- 
80 dB typical 


• 
Diode Protection 
on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Analog Voltage 
Range (VOO-VEE) = 3 to 18 V 
Note: VEE must be :s VSS 
• 
Transmits 
Frequencies Up To 65 MHz 


• 
Linearized Transfer Characteristics, 
~RON < 60 Q for 
Vin at VOO to VEE at 15 Vdc 


• 
Low Noise - 
12 nlV.,fT':YCie, f 2: 1 kHz typical 


R.tmg 
Symbol 
Value 
Unit 


DC Supply Voltage VDD - VEE 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Yon 
-05 
to VOO .• 05 
Vdc 


Through 
Current 
I 
25 
mAde 


Operating 
Temperature 
Range 
A L DeVIce 
TA 
-55 
to +125 
°c 


CLlCP 
DeVice 
-40 
to +85 


Storage Temperature 
Range 
T 519 
-6510 
+150 
°c 


QUAD 
2-INPUT 
ANALOG 
MUL TIPLEXEfl/ 
DEMULTIPLEXER 
__ .~~ 
II 


16 
I 
16 
, 
, 


CASE 
620 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


9 


W 
14 


15· 
ON 
, 
4 
WO XO yo ZO 
2 
Commons 
WI 
Xl 
Yl 
ZI 
Switches 
3 
Out/In 


In/Out 
6 
VDD = Pin 16 
10 
VSS = Pin 8 


I' 
13 
VEE",Pin7 


12 


B 


Voo 
Tlow. 
25°C 
Thigh' 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin = 0 or VDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage (Control) 
"0" 
Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO ~ 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"," 
Level 
VIH 
Vdc 
(VO ~ 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Input Current (Control) 
± 
(AL Devicel 
lin 
15 
- 
±0.1 
- 
0.00001 
±0.1 
- 
±1.0 
~Adc 


Input Current 
(Control) 
± 
(CL/CP Devicel 
lin 
15 
- 
±0.3 
- 
0.00001 
±0.3 
- 
± 1.0 
~Adc 


Input Capacitance 
Gin 
pF 
(Vin ~ 0) 


Control, 
Inhibit 
- 
- 
- 
- 
5.0 
7.5 
- 
- 


Switch 
Inputs 
(Inhibit = 
1) 
- 
- 
- 
- 
10 
21.0 
- 
- 


Output 
Capacitance 
Cout 
10 
- 
- 
- 
17 
- 
- 
- 
pi 


Feedthrough 
Capacitance 
Cin-out 
10 
- 
- 
- 
0.10 
- 
- 
- 
pF 


Quiescent 
Current 
(AL Device) 
IDD 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~Adc 


(Per Package I 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CUep Device) 
IDD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
~Adc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current· *t 
IT 
5.0 
IT = (0.07 
~A/kHzl 
I + IQ 
~Adc 
(Dynamic 
plus Quiescent. 
10 
IT = (0.20 
~A/kHzl 
f + IQ 
Per Package) 
15 
IT = (0.36 
~A/kHz) 
I + IQ 


On Resistance 
(AL Device) 
RON 
5.0 
- 
800 
- 
250 
1050 
- 
1300 
Q 
10 
- 
400 
- 
120 
500 
- 
550 
15 
- 
220 
- 
80 
280 
- 
320 


On Resistance 
(CUep 
Device) 
RON 
5.0 
- 
880 
- 
250 
1050 
- 
1200 
Q 
10 
- 
450 
- 
120 
500 
- 
520 


15 
- 
250 
- 
80 
280 
- 
300 


L\ ON resistance 
Between 
Any 
l!. RON 
5.0 
- 
- 
- 
25 
- 
- 
- 
Q 


Two 
Channels 
10 
- 
- 
- 
10 
- 
- 
- 


15 
- 
- 
- 
5.0 
- 
- 
- 


OFF Channel 
Leakage 
Current 
- 
nAdc 
tAL Devicel 
15 
- 
±100 
- 
±0.01 
± 100 
- 


Any Channel 
± 1000 
All Channels OFF: 
15 
- 
±100 
- 
±0.02 
± 100 
- 
± 1000 


OFF Channel 
Leakage 
Current 
- 
nAdc 
(CL/CP Device) 
15 
- 
±300 
- 
±0.01 
±300 
- 


Any Channel 
± 1000 
All Channels OFF: 
15 
- 
±300 
- 
±0.02 
±300 
- 
± 1000 


• 
T10w = 
-55°C 
for AL Device. 
-40°C for CUe? 
Device. 


Thigh = + 125°C 
lor AL Device. 
+85°C 
lor ClICP 
Device. 


Noise immunity 
is defined 
as the control 
input voltage 
coincident 
with the specified 
change. 
t1Vout- 
at an output 
in the OFF State . 


•.• 
The formulae 
given are for the typical 
characteristics 
only at 250 C. 
t 
Total Supply Current. 
IT' is the current drawn 
at device terminals 
VOO and VSS for total current through the device. 
The channel 
com- 


ponent 
IVin-V out)/AON- 
should not be included. 


Voo-Vss 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Times 
tPLH,tPHL 
ns 
Switch 
Input to Switch Output 
IRL 
= 10k!11 


tPLH,tPHL 
= 10.17 ns/pF} CL + 26.5 ns 
5.0 
- 
35 
90 
tpLH,tPHL 
= (O.OSns/pF) CL + 11 ns 
10 
- 
15 
40 
tPLH,tPHL 
= (0.06 ns/pF) CL + 9.0 ns 
15 
- 
12 
30 


Inhibit 
to Output 
(R L = 10 k!1): 


Output 
"'" 
or "0" 
to High Impedance, 
or 
tPHZ,tpLZ 
ns 
High Impedance 
to "1" 
or "0" 
Level 
tPZH,tPZL 
5.0 
-- 
360 
900 
10 
- 
160 
375 
15 
- 
120 
300 


Control 
Input to OutPUt IR L = 10 k!11 
tPLH,tPHL 
ns 
5.0 
- 
350 
S75 
10 
- 
140 
350 
15 
- 
100 
250 


Sine Wave Distortion 
- 
10 
- 
0.04 
- 
% 


IR L = 1 k!1, f = 1 kHz} 


Bandwidth 
SW 
10 
- 
55 
- 
MHz 
(RL = 1 k!1. Vin = 1/2 (VOO - VEEI pop, 


Vout 
= -3 dS) 
20 Logl0-- 
Vi" 


Feedthrough 
Attenuation, 
Input to Output 
- 
10 
- 
3.0 
- 
MHz 
(RL ~ 
1 kQ, Vin ~ 
% IVOO-VEEI pop, 


20 L09l0 
Vout 
~ 
-50 
dBI 
V· 


Channel Separation 
- 
10 
- 
3.0 
- 
MHz 
IRL = 1 k!1, Vin = 1/2 (VOO -VEE) 
pop, 


20 Logl0 
Vout(S} 
= -50 dBI 
Vin(A) 


Feedthrough 
Control, 
Input 
to Output 
- 
10 
- 
30 
- 
mV 
IRI = 1 k!1, RL = 10 k!1, Control/Inhibit 


tr"" tf ""20 os 


Maximum 
Control 
Frequency 
- 
10 
- 
10 
- 
MHz 
IRL 
= 1 k!1, Vout 
= 1/2 Vin} 


This device 
contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due 
to high static 
voltages 
or electric 
fields; 
however, 
it is ad· 
vised that 
normal 
precautions 
be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended 
that 
Vin and Vout 
be constrained 
to the range VSS '" (Vin or Vout) 
•• VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g.. either VSS or VOOL 
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ad 
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1pO 
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! 
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',moc 
1"- 
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~ 
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(VOL 
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3;0 
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The MC14553B three-digit BCD counter consists of three negative 
edge triggered BCD counters that 
are cascaded synchronously. A 
quad latch at the output 
of each counter permits storage of any 
given count. 
The information 
is then time division 
multiplexed, 
providing one BCD number or digit at a time. Digit select outputs 
provide display control. All outputs are TTL compatible. 


An on-chip oscillator provides the low·frequency scanning clock 
which drives the multiplexer output selector. 


This device is used in instrumentation 
counters, clock displays, 
digital 
panel meters, and as a building 
block 
for 
general logic 
applications. 
. 


• 
TTL Outputs 


• 
On-Chip Oscillator 


• 
Cascadable 


• 
Clock Disable Input 


• 
PulseShaping Permits Very Slow Rise Times on Input Clock 


• 
Output Latches 


• 
Master Reset 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


DC Current 
per Pin, All Outputs 
I 
20 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 '0 +125 
°c 
CLlep 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65'0+150 
°c 


INPUTS 


MASTER 
RESET 
CLOCK 
DISABLE 
LE 
OUTPUTS 


0 
~ 
0 
0 
No 
Change 


0 
~ 
0 
0 
Advance 


0 
X 
1 
X 
No 
Change 


0 
1 
~ 
0 
Advance 


0 
1 
~ 
0 
No 
Change 


0 
0 
X 
X 
No 
Change 


0 
X 
X 
..f""" 
Luched 


0 
X 
X 
1 
Latched 


1 
X 
X 
0 
00· 
01- 
02- 
03- 
0 


..,,!!!?,~IJ 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
620 
CASE 
648 


.."nn'1l;SUffi)( 
oenot •• 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
T.m~r.tur. 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


12 


6 
11 


10 


B 
9 


This device contains circuitry 
to protect 
the 
inputs against damage due 
to 
high 
static voltages or electric fields: however, 
it 
is advised that 
normal precautions be 
taken to avoid application of any voltage 
higher than 
maximum 
rated voltages to 
this high impedance circuit. 
for 
proper 
operation it is recommended thet Vin and 
Vout 
be constrained to the range Vss <; 


(Vin or Vout) 
.;; VOD· 


Unused inputs must always be tied to an 
appropriate logic volt. 
level (e.g., either 
Vss or VOOI. 


II 


Voo 
Tlow· 
25°C 
Thigh- 


Characteristic 
Svmbol 
Vdc 
Min 
Max 
Min 
Typ 
.Max 
Min 
Max 
Unit 


OutpUt Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin:Z 
VODor 
0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin:::QorVOD 
. 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage#: 
"0" 
Level 
VIL 
Vdc 
(Va: 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va: 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va: 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 
(Va: 
0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va' 
1.0 or 9.0 Vdcl 
10 
7.0 
.- 
7.0 
5.50 
- 
7.0 
- 


IVo = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
IOH 
mAde 
1VOH ~ 4.6 Vdc) 
Source 
5.0 
-0.64 
- 
-0.51 
-088 
- 
-0.36 
- 


(VOH : 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IVOH : 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL· 
0.4 Vdcl Sink·Pin 3 
IOL 
5.0 
05 
- 
0.4 
0.88 
- 
0.28 
- 
mAde 
(VOL: 
0.5 Vdcl 
10 
1.1 
- 
0.9 
2.25 
- 
0.65 
- 
(VOL: 
1.5 Vdcl 
15 
1.80 
- 
1.5 
8.8 
- 
1.20 
- 


(VOL = 0.4Vdc)Sink·OtherOutputs 
IOL 
5.0 
3.0 
- 
2.5 
4.0 
- 
1.6 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
6.0 
- 
5.0 
8.0 
- 
3.5 
- 
(VOL' 
1.5 Vdc) 
15 
18 
- 
15 
20 
- 
10 
- 


Output 
Drive Current 
(eL/ep 
Device) 
IOH 
mAde 
(VOH • 4.6 Vdcl 
Source 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
iVOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL: 
0.4 Vdc) Sink·Pin 3 
taL 
5.0 
0.23 
- 
0.2 
0.88 
- 
0.16 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
0.60 
- 
0.5 
2.25 
- 
0.40 
- 


(VOL: 
1.5 Vdc) 
15 
1.80 
- 
1.5 
8.8 
- 
1.20 
- 


(VOL: 
0.4 Vdcl Sink-Dther 
Outputs 
IOL 
5.0 
2.4 
- 
2.0 
4.0 
- 
1.6 
- 
mAde 
(VOL: 
0.5 Vdcl 
10 
3.8 
- 
3.0 
8.0 
- 
2.5 
- 


(VOL' 
1.5 Vdcl 
15 
10 
- 
8.4 
20 
- 
7.0 
- 


Input Current (AL Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
t1.0 
$lAde 


Input Current (eLlep Device) 
lin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
t 1.0 
",:Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 0) 


Quiescent 
Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
IlAdc 
(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


(luiescent 
Current 
(eLlep Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
IJAdc 
(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total SupplV Current··t 
IT 
5.0 
IT = (0.35 ••A/kHzl ,+ 100 
IlAdc 
(Dynamic 
plus Quiescent, 
10 
IT' 
10.85 ••A/kHzl ,+ 100 
Per Package) 
15 
IT = (1.50 ••A/kHzl ,+ 100 
(CL :: 50 pF on all outputs, all 
buffers switching) 


-Tlow 
'" -55.°C for AL DeVice. -400C for CLlCP Device. 


Thigh'" 
+12SoC for AL Device. +850C forCLlCP 
Device. 


.cNoise Immunity 
spel.:ified for worst-case input combination 
NOiseMargin for both "1" 
and "0" 
level'" 
1.0 Vdc min@ VDO 
"-5.0 Vdc 


2.0 Vdc min @ VDD 
-" 10 Vdc 
2.S Vdc min@VDD 
:;:15 Vdc 
tTo calculate total supply current at loads other than 50 pF 
ITleLI 
IT(50 pF) 
+ 4 x 10-3 
ICL -501 VDO' 
where: IT ISin IJA (per package). CL in pF. VOO in Vdc. and f In kHz is input frequency . 


•• The formulas given are for the typical characteristics only at 2SoC. 


Charactlristic 
Figure 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 


Output 
Rise Time 
3. 
ITLH 
ns 


tTLH 
• 13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 


ITLH· 
11.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 


tTLH· 
11.1 ns/pFI 
CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
3. 
ITHL 
ns 
tTHL· 
11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL· 
10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL· 
10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Clock to BCD DUI 
3. 
tPLH. 
5.0 
- 
900 
1800 
ns 


tpHL 
10 
- 
500 
1000 
15 
- 
300 
600 


Clock to Overflow 
3. 
tpHL 
5.0 
- 
600 
1200 
ns 
10 
- 
400 
800 
. 
15 
- 
200 
400 


Reset to BCD Out 
3b 
tpHL 
5.0 
- 
900 
1800 
ns 
10 
- 
500 
1000 


15 
- 
300 
600 


Clock to Latch 
Enable Setup 
Time 
3b 
Isu 
5.0 
600 
300 
- 
ns 
Latch Enable to Master 
Reset Setup 
Time 
10 
400 
200 
- 
15 
200 
100 
- 


Clock Pulse Width 
3. 
twHlcll 
5.0 
550 
275 
- 
ns 
10 
200 
100 
- 


15 
150 
75 
- 


Reset Pulse Width 
3b 
twHIRI 
5.0 
1200 
600 
- 
ns 
10 
600 
300 
- 


15 
450 
225 
- 


Input Clock Frequency 
3. 
Icl 
5.0 
- 
1.5 
0.9 
MHz 
10 
- 
5.0 
2.5 


15 
- 
7.0 
3.5 
---- - 
Input Clock Rise Time 
3b 
tTLH 
5.0 
No 
ns 
10 
Limit 
15 


Selin Oscillator 
Frequency 
2 
10$C 
5.0 
- 
1.5/C 
- 
Hz 
10 
- 
4.2/C 
- 


(Cl 
measured in jJF) 
15 
- 
7.0/C 
- 
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The MC14553B three-digit counter, shown in Figure 4, 
consists of 
three negative edge-triggered BCD counters 
which arecascadedin a synchronous fashion. A quad latch 
at the output of each of the three BCD counters permits 
storage of any given count. The three setsof BCD outputs 
(active high), after going through the latches, are time 
division multiplexed, providing one BCD number or digit 
at a time. Digit select outputs (active low) are provided 
for display control. All outputs are TTL compatible. 
An on-chip oscillator provides the low frequency scan- 


ning clock which drives the multiplexer output selector. 
The frequency 
of 
the oscillator can be controlled 
ex- 
ternally by a capacitor between pins 3 and 4, or it can be 
overridden and driven with 
an external clock at pin 4. 
Multiple 
devices can be cascaded using the overflow 
output, which provides one pulse for every 1000 counts. 


The Master Resetinput, when taken high, initializes the 
three BCD counters and the multiplexer scanning circuit_ 
While Master Reset is high the digit scanner is set to digit 
one; but all 
three digit select outputs are disabled to. 


prolong display life, and the scan oscillator is inhibited. 
The Disable input, when high, prevents the input clock 
from reaching the c.ounters, while still retaining the last 
count. A pulse shaping circuit at the clock input permits 
the counters to continue operating on input pulses with 
very slow rise times. Information 
present in the counters 
when the latch input 
goes hiqh, will 
be stored in the 


latches and will be retained while the latch input is high. in- 


dependent 
of other 
inputs. 
Information 
can be recovered 
from 


the latches 
after 
the counters 
have been reset if Latch Enable 


remains 
high during the entire 
reset cycle. 


00 


01 
02 
A 
-;-10 
03 


Hundreds 


13 


MR 
(Active 
High) 


BCD 
Outputs 
(Active 
High) 


00 
Pulse 
C 
01 
Shaper 
Quad" 


02 
Latch 
R 
-;-10 
03 
Units 
" 
Disable 
(Active 
Multiplexer 
High) 


00 
C 
01 
Quad 
02 
Latch 
R 
';'10 
03 
Tens 


1 
15 
OSI 
052 
053 


(LSO) 
Digit Select 
(MSO) 


I Act j"'8 
Low) 


II 


C'A 
4 


Clock 
12 
Input 
Clk 
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11 
Oil 
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a.F. 
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00 
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C 
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VOO 
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. 1 
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4 
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10 
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13 
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The MC14554B 2 x 2-bit parallel binary multiplier 
is constructed 
with complementary MOS (CMOS) enhancement mode devices. The 
multiplier 
can perform 
the multiplication 
of two binary numbers 
and simultaneously 
add two other binary numbers to the product. 
The MC14554B has two multiplicand 
inputs (XO and X 11,two mul- 
tiplier 
inputs (YO and Y1), five cascading or adding inputs (KO, K1, 
MO, M1, and M2l, and five sum and carry outputs (SO,51, 52, C1 
[531, and COI. The basic multiplier 
can be expanded into a straight· 
forward 
m-bit by n-bit parallel multiplier 
without 
additional 
logic 
elements. 


Application 
areas include 
arithmetic 
processing (multiplyingl 
adding, obtaining 
square roots, polynomial 
evaluation, 
obtaining 
reciprocals, and dividing), 
Fast Fourier Transform processing, digital 
filtering, communications (convoluation and correlation). and process 
and machine controls. 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 


• 
Quiescent Current = 5.0 nA typical 
@ 5 Vdc 


• 
Straight-forward 
m-Bit By n·Bit Expansion 


• 
No Additional 
Logic Elements Needed for Expansion 


• 
Multiplies and Adds Simultaneously 


• 
Positive Logic Design 


• 
Supply Voltage Range = 3.0 Vdc to 1BVdc 


• 
Capable of. Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
-0 5 to VDD + 0.5 
Vdc 


DC CurrelH 
Dram 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
-- AL De •••.lce 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T 5t9 
-65 
to +150 
°c 


2-BIT 
BY 2-BIT PARALLEL 
BINARY 
MULTIPLIER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
15UfttX 
Denotes 


~ 


L 
CeramiC 
PaCkage 


P 
Plastic 
Package 
A 
Extended 
Operating 
Temperatur. 
Range 
C 
Limited 
Operating 
Tempefatur. 
Range 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
Or electric 
fields; 
however, 


it 
is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that 
Vin and 
Vout 
be constrained 
to 
the 
range 
VSS 
fiii;; 


(Vin or Voutl 
fiii;; VOD. 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic voltage 
level le.g., either 
Vssor 
VDD!. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


S 
9 


s:: (X x Y) 
..•.K ..•.M 
Where: 
x Means Arithmetic 
Times. 
+ Means Arithmetic 
Plus. 
S· 
S3 S2 SI SO,X' 
X1XO, y. Y1YO, 
K • K1 KO, M • Ml MO (S;nary 
Numbers!. 


Example: 


Given: 
X '2(101. 
Y-3(111 
K' 
11011,M' 
2(101 


S • (2 x 31 + 1 + 2 = 9 
S= (lOx 
III 
+01 + 10= 1001 
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II 


Voo 
Tlow• 
25°C 
Thi 
h- 
Chlr.cteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


."" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n 
. Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input VoltageU 
"0" Level 
V,L 
Vdc 


1VO • 4.5 m 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO "9.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO < 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.. ," 
Level 
V(H 
'VO ~ 0.50' 
4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO ' 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO· 
15o' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
'OH 
mAde 


'VOH' 
25 
Vdcl 
Source 
5.0 
-3.0 
-- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH ' 4.6 Vdcl 
50 
-0.64 
.- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLfCP Devlcel 
'OH 
mAde 
1VOH < 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOl 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
088 
- 
0.36 
- 
mAde 


'VOL 
= 0.5 Vdcl 
10 
13 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
24 
- 


Input 
Current 
IAL Devlcel 
lin 
15 
'01 
_. 
!:O 00001 
to 1 
- 
:t; 10 
,JAde 


Input Current 
ICLlCP 
Devlcel 
lin 
15 
- 
'03 
- 
'000001 
'03 
- 
! 10 
.uAdc 


Input Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
-- 
pF 


1Vin 
'- 0) 


QUiescent Current 
IAL Devlcel 
100 
50 
- 
50 
- 
0.005 
50 
- 
150 
J,JAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0,015 
20 
- 
600 


QUiescent CUrlent 
ICLlCP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
j.JAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total SupplV Current- 
Of 
IT 
50 
IT = 11.0 ~A/kHzl 
I .• 100 
.uAdc 


(DynamiC 
plus 
QUiescent, 
10 
IT = 12.0 ~A/kHzl 
f .• 100 
Per Package) 
15 
IT = 13.0 ~A/kHz) 
I .• 100 
ICL ~50 pF on all outputs, all 
buffers SWllching) 


;'Tlow 
-55°C 
for AL DeVice. -40°C 
for CLlCP DeVice. 
Thigh'- 
t 12SoC for AL Device. tSSOC for CLlCP Device. 


""Noise ImmunIty 
sPtH.:ifiedfor worst-case input combination 
NOIse Margin for both "1" 
and "0" 
level 
1.0 Vdc min@ VOO 
::"5.0 Vdc 


2.0 Vdc min@ VOD 
-' 10 Vdc 
2.5 Vdc min@l VOO 
., 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'T(Cll 
= IT(50 pFI" 
3.5 • 10-3 
(el 
-501 
VOOI 
where: IT is in I-JA(per package). CL in pF. Van 
in Vdc. and f 10 kHz is input 
frequency. 


- -The formulas given are for the typical characteristics 
only at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH: 
13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 


tTLH· 
11.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 


tTLH' 
11.1 ns/pF) 
CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
ns 
tTHL' 
11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pF) 
CL + t2.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tpLH. 
ns 
KO to CO 
tpHL 
tPLH. tpHL 
= 11.7 ns/pF) 
CL + 185 ns 
5.0 
- 
270 
675 
tpLH. 
tpHL 
= 10.66 ns/pF) 
CL + 82 ns 
10 
- 
115 
290 


tPLH. tPHL = 10.5 ns/pF) 
CL + 60 ns 
15 
- 
85 
215 
MO to 52 
tPLH. tPHL 
= 11.7 n./pF) 
CL + 595 ns 
5.0 
- 
680 
1700 
tPLH. tPHL 
= 10.66 ns/pF) 
CL + 247 ns 
10 
- 
280 
750 
'PLH 
tPHL 
= 10.5 ns/pF) 
CL + 185 ns 
15 
- 
210 
570 


For 
1(0 to CO: 
Inputs 
XO, X1. 
YO, Y1, 
K1. end M2 low, end inpuu 
MO and 
Ml 
high. 


For MO to 52: 


Inputs 
Xl, 
Yl, 
and 1<0 low, end inputs XO, VO, 
Kl, 
Ml, 
end M2 high. 
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MC14554B 


EXPANSION 
DIAGRAM 


m-Bit 
by 
"-Bit 
Parallel 
Binary 
Multiplier 
(Top 
View) 


Y and 
M• 


Y (n-l) 
Y3 
Yl 
Yl 
VDD 


M(n-2) 
Yln-2) 
M2 
Y2 
MO 
MO 
YO 
YO 


M(n-1) 
XO 
M3 
XO 
Ml 
Ml 
XO 
XO 


Xl 
CO 
Xl 
Xl 


M2 
KO 
KO 


Cl 
50 


52 
Kl 
Kl 


V55 
51 ---, 
B 
Vln-1) 
Y3 
Yl 


Y(n-2) 
Y2 
YO 


X2 
X2 
X2 
X and 
K 


X3 
X3 
• 


K2 


---~ 
K3 
---l 


, 


Y3 


Yln21l 
YO 


X(m-21 
. 
-X(m-2) 


XCm-ll!- 
X(m·1) 


I 
K(m-2) 


I 


Klm-1) I 
S(m 
+ 
n-1) 
S(m 
+ n-2) 
8(m 
.•. n-3) 
S{m+2) 
S (m+1) 
8(m) 
Slm-1) 
53 
51 
S(rn-2) 
52 
50 


S=S(m+ 
n-1)S(m+ 
n·2)···5251 
SO 
X.., X(m-11 
X (m-21 
X2 Xl 
XO. Y '" Vln-H 
Yln-21 
- - - Y2 Y1 YO 


K· 
Klm-1) 
K(m-2) 
- - - K2 
K1 KQ and M· 
M(n·1) M(n-2)·· 
- M2 M1 MO 
(Binary 
Numbers). 


® MOTOROLA 


DUAL 
BINARY 
TO 1-0F-4 
DECODER/DEMUL 
T1PLEXER 


The MC14555B and MC14556B are constructed with comple· 
mentary MOS ICMOS) enhancement mode devices. Each Decoder/ 
Demultiplexer has two select inputs (A and BI. an active low Enable 
input lEI. and four mutually 
exclusive outputs (QO, Q1, Q2, Q3). 
The MC14555B has the selected output go to the "high" state, and 
the MC14556B has the selected output go to the "low" 
state. Ex- 
panded decoding such as binary·to·hexadecimal (1·of·16), etc., can 
be achieved by using other MC14555B or MC14556B devices. 
Applications 
include code conversion, addressdecoding, memory 
selection control, 
and demultiplexing 
(using the Enable input as a 
data input) 
in digital data transmission systems. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity = 45% of VDD Typical 
• 
Active High or Active Low Outputs 


• 
Low Quiescent Current - 5.0 nA/package typical 
@ 5 Vdc 


• 
Expandable 
• 
Supply Voltage Range= 3.0 Vdc to 1BVdc 


• 
All Outputs Buffered 
• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 


CL/CP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


BLOCK OIAGRAM 
MC14555B 
MC14556El 


A 
QO 
4 
A 
00 
4 


Ql 
5 
01 
5 
B 
3 
B 
Q2 
6 
Ci2 
6 


Q3 
03 
7 


14 
A 
QO 
12 
14 
00 
12 


B 
Ql 
II 
01 
11 
13 
13 
Q2 
10 
02 
10 
15 
Q3 
9 
15 
03 
9 


VOO· 
Pin 
16 
VSS'" Pin 8 


MC145558 
MC145568 


DUAL 
BINARY 
TO 1-0F-4 
DECODER/DEMUL 
TIPLEXER 


~fltIIIlII8lJ 
J1fu~~)~ 
~ 
u 1.T~1H~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~fiXce::;:t::Ck.ge 
t= P 
Plastic 
Package 
A 
Extended Operating 
Temperature 
Aange 
e 
LImited 
Operating 
Temperature 
Range 


TRUTH TABLE 


INPUTS 
OUTPUTS 
OUTPUTS 
ENABLE SELECT 
MC14555B 
MCI4556B 


E 
B 
A 
03 02 01 00 03 02 01 00 


0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 


1 
X 
X 
0 
0 
0 
0 
1 
1 
1 
1 


X 
= 
Don", 
eare 


This device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
'i.ids; 
however, 


it is advised 
that 
normal 
precautions 
be 
taken 
to avoid application 
of any voltage 
higher 
than 
meximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that V in and 
Vout 
be constrained 
to the 
range Vss < 
(Vin or Vout) •• VOO' 
Unused 
inputs 
must 
always 
be tied to an 
appropriate 
logic voltage 
level (e.g., either 
Vssor 
VOOI. 


II 


Voo 
Tlow. 
25°C 
Thi h· 


Ch.racteristic 
Symbol 
Vdc 
Min 
MI' 
Min 
Typ 
Ma. 
Min 
MI' 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
1VO - 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO "9.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO 
0 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.,," level 
VIH 


{Va 
0 0.5 or 4.5 Vdc! 
5.0 
3.5 
.. 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1Vo ~ 1.0 or 9.0 Vdc! 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
{Va· 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
u.o 
- 


Output 
Drive 
Current 
IAL 
Devicel 
10H 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
.- 
-1.7 
- 


1VOH 
0 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-036 
- 


1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


{VOL = 0.4 Vdcl 
Sink 
taL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Devicel 
10H 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdc! 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdc! 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL 
DeVice) 
lin 
15 
- 
t 0.1 
- 
to.OOOO1 
to.l 
t 1.0 
#lAde 


Input Current 
(CLlCP 
Devicel 
lin 
15 
- 
to.3 
- 
to.OOOOl 
t 0.3 
- 
t 1.0 
J.lAdc 


Input 
Capacitance 
ein 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vi" 
= 01 


Quiescent 
Current 
(AL 
DeVice) 
'DO 
5.0 
5.0 
0.005 
5.0 
150 
IJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.Q10 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
ISO 
#lAde 


(Per 
Package) 
10 
- 
40 
- 
0.Q10 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT = 10.85 "A/kHzi 
I + 100 
/-lAde 


(Dynamic 
plus 
Ouiescent, 
10 
IT' 
11.7 "A/kHz! 
1+ 
100 


Per Package) 
15 
IT = 12.6 "A/kHz! 
1+ 
100 


ICl ,..50 pF on 
all outputs, 
all 


buffers 
switchingl 


* 
Tlow 
= - 55°C 
for AL Device, 
-40°C 
for CUCP 
Device. 


Thi9h = 
+ 125°C 
lor AL Device. 
+85°C 
lor CLICP Device. 


=4~ 
Noise immunity 
specified 
for worst·case 
input combination. 


Noise Margin 
for both "'" 
and "0" 
level 
1.0 Vdc m ••. @ 
VOO = 5.0 
Vdc 


2.0 
Vdc m" 
@ VOD = 10 Vdc 


2.5 
Vdc m" 
@ VOD = 15 Vdc 


t 
To calculate 
total 
supply current 
at loads other 
than 50 
pF: 


IT ICLI ~ IT 150 pI! + 2 xl 0.3 
ICL·50! 
VDDI. 


where: 
IT is in j.l.A (Per Package) 
CL in pF, VDO in Vdc and f in 
kHz is input frequency. 


•• 
The formulae 
given are for the typical 
characteristics 
only at 
25°C. 


16 
16 
2 
15 
15 
3 
14 
3 
14 
4 
13 
13 
5 
12 
5 
12 
6 
11 
6 
11 


10 
10 


8 
9 
8 
9 


3-382 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 


Output 
Rise Time 
tTLH 
n. 


tTLH· 
13.0 n./pFI 
CL + 30' n. 
5.0 
- 
100 
200 
tTLH: 
11.5 n./pFI 
CL + 15 n. 
10 
- 
50 
100 
tTLH: 
11.1 n./pF) 
CL + 10 ns 
15 
- 
40 
80 
- 
Output 
Fall Time 
tTHL 
ns 


tTHL: 
(1.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL· 
10.75 os/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL: 
(0.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


I Propagation 
Delay Time 
- 
A, B to Output 
tpLH. 
n. 


tPLH. 
tPHL' 
11.7 ns/pFI 
CL + 135 ns 
tPHL 
5.0 
- 
220 
440 


tpLH. 
tpHL 
• 10.66 ns/pFI 
CL + 62 ns 
10 
- 
95 
190 


tpLH. 
tPHL: 
(0.5 ns/pF) 
CL + 45 ns 
15 
- 
70 
140 


Propagation 
Delay Time - 
E to Output 
tPLH. 
os 


tPLH. 
tpHL 
= 11.7 ns/pFI 
CL + 115 ns 
tPHL 
5.0 
- 
200 
400 


tPLH. 
tPHL 
• 10.66 ns/pFI 
CL + 52 os 
10 
- 
.....85 
170 


tPLH. 
tpHL 
= (0.5 ns/pFI 
CL + 40 ns 
15 
- 
65 
130 


r\---------- 
VOH 


Outputa,--.J 
\----------VOL 


LOGIC 
DIAGRAM 
(1/2 of Dual) 


II 


II 


® MOTOROl.A 


The MC14557B is astatic clocked serial shift register whose length 
may be programmed to be any number of bits between 1 and 64. The 
number of bits selected is equal to the sum of the subscripts of the 
enabled Length Control inputs IL 1, L2, L4, L8, L16, and L321 plus 
one. Serial data may be selected from the A or B data inputs with 
the A/B select input. This feature is useful for recirculation purposes. 
A Clock Enable (CEI input is provided to allow gating of the clock 
or negative edgeclocking capability. 
The device can be effectively used for variable digital delay lines 
or 
simply 
to 
implement 
odd 
length 
shift 
registers. 
characteristics can be found on the Family Data Sheet. 


• 
Quiescent Current = 10 nAlpackage typical @5 Vdc 
• 
1·64 Bit Programmable Length 
• 
Q and Q Serial Buffered Outputs 
• 
Asynchronous 
Master Reset 
• 
All Inputs Buffered 
• 
No Limit On Clock Rise and Fall Times 
• 
8 MHz Operation@VDD 
= 10 Vdc Typical 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Vollage 
vDD 
-0.5to+18 
Vdc 


InpUI 
Vulli;lge, 
All 
Inputs 
V," 
-0.5 to VDD 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Ol>eratlng 
Temperature 
Range 
-- AL Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +150 
°c 


L32 
L 16 
LB 
L4 
L2 
L1 
Register Length 


0 
0 
0 
0 
0 
0 
l·Bit 
a 
0 
0 
0 
0 
, 
2·Biu 
0 
0 
0 
0 
, 
0 
3·8iu 
a 
0 
0 
0 
1 
, 
4·Biu 
0 
0 
0 
, 
0 
0 
5-Bits 
0 
0 
0 
, 
0 
, 
6 Bits 


, 
0 
0 
0 
0 
0 
33 
Bits 
, 
a 
0 
0 
0 
1 
34-Bits 


, 
, 
1 
, 
0 
0 
61·8its 
, 
1 
, 
, 
0 
, 
62·Bits 
, 
, 
, 
, 
, 
0 
63·Bits 
, 
, 
, 
, 
, 
, 
54-Bits 


l-TO-64 BIT 
VARIABLE 
LENGTH 
SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC'4xxxa~SU~fiXC.::i:t::c .. g. 
L P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


A 


C 
cr 
a 
Q 
'0 
A 
A/B Select 


L1 
L2 
L4 
Q 
" 
La 


L1G 
L32 


Inputs 
Output 


R 
A/B 
Clock 
CE 
Q 


0 
0 
...r 
0 
a 
0 
, 
...r 
0 
A 
0 
0 
1 '"'- 
a 
0 
, 
, "'- 
A 
, 
X 
X 
X 
0 


Q is the output of the first selected 
shift 
register 
stage. 


X;; 
Don't 
Car•. 


Voo 
Tlow· 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
M•• 
Mi" 
M•• 
Unit 


Output 
VOltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or a 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
_. 
4.95 
- 
Vdc 
Vin 
a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage'" 
"0" Level 
VIL 
Vdc 
1VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1Vo 
0 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Devlcel 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-Q.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
225 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
1VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-1. 
7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(Al 
Devicel 
lin 
15 
- 
,0 
1 
'0.00001 
,0 
1 
- 
:!: 1.0 
j.JAdc 


Input Current 
(CLlCP 
Device) 
lin 
15 
- 
'03 
- 
to 00001 
, 0.3 
- 
, 1.0 
.uAdc 


Input Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
.. 
pF 


(Vin = 01 


Ouiescent 
Current 
(AL 
DeVice) 
100 
50 
- 
50 
- 
0.010 
5.0 
- 
150 
.'.lAde 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
/JAde 


(Per 
Package) 
10 
- 
lOa 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current··t 
IT 
5.0 
IT = 11.75 ~AlkHll 
, + 
100 
JJAdc 


(DynamiC 
plus Quiescenl, 
10 
IT - (3.5 ~A/kHll 
f + 100 


Per 
Package) 
15 
IT = 15.25 ~A/kHll 
f + IDO 
ICL 
= 50 pF on all outputs, all 


buffers switching} 


·Tlow'" -5SoC fOr AL DeVice, -40oC for CLlCP 
Device. 


Thigh:' 
+12SoC 
for AL DeVice, +8SoC for CLlCP 
DeVice. 


.z;NoiseImmunity 
sp~t:illed for worst-case input combinatIon. 


NOise Margin for both "1" and "0" level 
:'= 1.0 Vdc min@VOO 
::"5.0 Vdc 


2.0 Vdc min@ 
VOO 
'" 10 Vdc 
2.S Vdc min@ 
VOO 
..:.15 Vdc 


tTo calculate total supply current at loads other than 50 pF. 


ITICLI.= 
IT(50 pFI + 1 • 10-3 ICL -501 Voo' 
where: IT is in Ji.A (per package), CL In pF, VOO in Vdc. and f in kHz is Input frequency. 


....The formulas given are for the typical characteristics only at 250C. 


ThiS device 
conlains 
cirCUItry 
to protect 


the 
Inputs 
against 
dam~ge 
due 
to 
high 
static 
voltages or electric 
fields; however. 


it 
is advised 
that 
normal 
precaut ions be 
taken 
t'J avoid 
application 
of any voltage 
higher 
than 
maximum 
rated 
volta~s 
to 


this 
high 
impedance 
.,;:ircuit 
For 
proper 


operation 
it is recommended 
that V in and 


Vout 
be constrained 
to 
Ihe 
range VSS 
" 


{V in or Voutl 
" 
VOO· 


Unused 
inputs 
must 
always 
be tied to an 
appropriate 
logic voltage level (e.g.. either 


VSS or VOOI. 
Minimum 
No. of 
Typical S.!!.up Time 
Length Select 
Bits Selected 
B-+CE 
ns 
Lmes:. 
1 


1 
180 
None 


2 
120 
L 1 
3 
90 
L2 


5 
60 
L4 
9 
30 
L8 
17 
0 
L 16 


33 
-30 
L32 


The nature of the length select logiC causes the setup time to 
vary with 
the number 
of bits selected. The following 
table 
summartzes the typical variation at VOO '" 10 V. T A 
:c 250C. 


II 


II 


Characteristic 
Symbol 
VDD 
Min 
Typ 
Ma. 
Unit 


Output Rise Time 
ns 


'TLH 
= 13.0 ns/pFI 
CL + 30 ns 
'TLH 
5.0 
- 
100 
200 


'TLH 
= 11.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 


tTLH 
= 11.1 ns/pFl 
CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 


I 


ns 


'THL = 11.5 ns/pFI 
CL + 25 ns 
'THe 
5.0 
- 
100 
200 
'm·".""""",.".... t 
10 
- 
50 
100 


'THL 
= 10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 
I-=-----c----------------.- 
Propagation Delay Time 
tpLH 
ns 
IC or CE to 0 or 01 
IPH~ 


I 
'PLH 
tPHL 
= 11.7 ns/pFl 
CL + 415 ns 
5.0 
- 
300 
1000 
tPLH: tPHL 
= 10.66 ns/pFl 
CL + 167 ns 
10 
- 
200 
400 
'pLH, 
'PHL 
= 10.5 ns/pFl 
CL + 125 ns 
, 
15 
- 
150 
300 


IR 100 
or 01 
I 
-- -,,;'- 


'PLH 
'PHL = 11.7 ns/pFI 
CL + 390 ns 
5.0 
- 
475 
550 
I 
tPLH: tPHL 
= 10.66 ns/pFI 
CL + 157 ns 
J 
10 
- 
190 
380 


'PLH, 
'pHL 
= 10.5 ns/pFl 
CL + 115 ns 
~ 
15 
- 
140 
280 


5.0 
440 
220 
ns 
Clock PulseWidth 
tWH(C) 
10 
136 
68 
- 


i 
15 
100 
50 
- 
E"",. 
w.". 
I 'W"'", I 


5.0 
600 
300 
- 
ns 
10 
180 
90 
- 
15 
120 
60 
- 
-.--------.---t' 
Clock Pulse Frequency 
fel 
5.0 
- 
2.5 
1.7 
MHz 
10 
- 
8.0 
5.0 
15 
- 
10.5 
6.7 


Clock PulseRise and Fall Time 
tTLH, 
5.0 
- 


IData to Clock Setup 
Time IA or 8 10 C or CEI 


'THL 
10 
No Limit 
15 


'su 
5.0 
900 
1~50 
- 
ns 
LI, L2, L4, L8, Lt6, 
L32 = 0 
10 
360 
180 
- 
15 
170 
135 
- 


Data to Clock Hold Time IA or B to C or CE) 
Ih 
5.0 
-225 
-450 
- 
ns 
Ll, 
L2, L4, L8, Lt6, 
L32 = 0 
10 
- 90 
-180 
- 
15 
- 60 
-135 
- 


Reset Fall Time 
tTHL 
5.0 
- 
- 
15 
/,S 
10 
- 
- 
5 
-- 
15 
- 
- 
4 


'·bit 
length: 


CE= 0 
A/B 
= 1 
L 1'"' 
L2 '" L4 
== La;; 
L 16'" 
L32 
'00 0 


B 


Q~ MOTOROLA 


The MC14560B adds two 4·bit numbers in NBCD (natural binary 
coded decimal) format, resulting in sum and carry outputs in NBCD 
code. 
This device can also subtract when one set of inputs is comple· 
mented with a g's Complementer (MC14561BI. 


All 
inputs and outputs are active high. The carry input for the 
least significant digit is connected to VSS for no carry in. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Single Supply Operation - Positive or Negative 


• 
Fanout> 
50 


• 
Input Impedance = 1012 ohms typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


RatIng 
Symbol 
Value 
Unit 


DC 
Supply 
Voltag~ 
voo 
-05 
TO "'18 
Vdc 


Input 
VUltdye. 
All 
Inputs 
V,n 
-05 
to VDO 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pill 
I 
10 
mAde 


Operdllng 
Temperature 
RanQe 
- 
AL 
Device 
TA 
-5510'125 
"c 


CL/CP 
Device 
-40 
to "'85 


SlOragc 
Temperature 
Range 
T stg 
-65 
to ..•150 
°c 


INPUT 
OUTPUT 


A4 
A3 
A2 
Al 
B4 
B3 
B2 
B1 
Cm 
Cout 
54 
53 
52 
51 


a 
0 
a 
a 
a 
a 
0 
a 
a 
a 
a 
a 
a 
a 
0 
a 
a 
a 
0 
a 
a 
a 
, 
a 
a 
0 
a 
1 
0 
1 
a 
0 
a 
a 
, 
1 
a 
0 
a 
, 
, 
1 


a 
1 
0 
0 
a 
a 
1 
, 
, 
a 
1 
a 
0 
0 


0 
1 
, 
1 
a 
, 
a 
a 
0 
1 
a 
0 
0 
, 


'0 
, 
, 
, 
0 
1 
0 
a 
1 
1 
a 
0 
, 
0 


1 
a 
0 
0 
G 
, 
0 
, 
0 
1 
0 
0 
1 
I 
0 
, 
, 
0 I 


1 
0 
a 
a 
0 
1 
0 
, 
0 
0 


1 
0 
0 
, 
1 
a 
0 
, 
, 
1 
, 
0 
0 
, 


This device contains circuitry 
to protect the inputs against damage due to high 
static voltages or electric fields; however. 
it is advised that normal precautions be 
taken to avoid application 
of any voltage higher than maximum 
rated voltages to 
this high impedance circuit. 
For proper operation 
it is recommended that Vin and 
Vout be constrained to the range Vss 
or;;;; 
(Vin or Vout) 
or;;;; VOO. 


Unused inputs must always be tied to an appropriate 
logic voltage level {e.g., 


either VSS or VOOL 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


'Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
MI, 
Min 
Typ 
MI, 
Min 
MIX 
Unit 


Ou tpu t Vol 
tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
Vao 
or a 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


.",. 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" 
Level 
VIL 
Vdc 
(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
< 13.50,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO' 
0.50,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO ~ 150,13.5 
VdcJ 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
(VOH ~ 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH ~ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.8.8 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH • 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Smk 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
IVOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-88 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
taL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
I," 
15 
,0 
1 
'0.00001 
to.l 
! 1.0 
IJAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
'03 
- 
'0.00001 
! 0.3 
- 
! 1.0 
IJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
- OJ 


QUiescent 
Current 
IAL 
DeVice) 
100 
50 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


QUiescenl 
Current 
ICL/CP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current·· 
t 
IT 
5.0 
IT' 
(1.68 ~A/kHzl 
f+ 
100 
/.JAde 


(DynamiC 
plus 
Quiescent, 
10 
IT' 
13.35 ~A/kHz) 
f + IDO 


Per Package) 
15 
IT' 
(5.03 ~A/kHz) 
f + IDO 


(CL 
'" SO pF 
on 
all outputs, 
all 


buffers 
switching) 


·Tlow 
- 
-SSoC 
for 
AL 
DeVice, 
-40oC 
fr:r 
CLlC? 
DeVice. 


ThIgh; 
+12SoC 
for 
AL 
Device, 
+8SoC 
for 
CLlC? 
DeVIce . 


.l.:Noise 
Immunity 
sp~l;ified 
for 
worst-case 
input 
combination. 


NOIse Margin 
for 
both 
"1" and "0" level'" 
1.0Vdc 
min 
@ VDD 
"" S.O Vdc 


2.0 Vdc min@l 
VOO 
"10 
Vdc 


2.S Vdc 
min 
@ VDO 
= lS 
Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
SO pF: 


IT(CLI = IT(50 pFI + 5.10-3 
(CL -501 
VOOf 


where: 
IT 
is in ~A 
(per 
package), 
CL 
in pF, 
VOO 
in Vdc. 
and 
f in kHz 
is input 
frequency 
. 


• ·The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 2SoC. 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
I 
MlIx 
Unit 


Output 
Rise Time 
'TLH 
I 


ns 


tTLH 
= 13.0 ns/pFI 
CL + 30 ns 
5.0 
- 
100 
200 
tTLH 
= 11.5 ns/pF 
I CL + 15 ns 
10 
- 
50 
100 
tTLH 
= (1.1 ns/pFI 
CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI 
CL + 25 ns 


! 


5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 


AorBtoS 
tpHL 
tPLH. tpHL 
= 11.7 ns/pFI 
CL + 665 ns 
5.0 
- 
750 
2100 


tPLH. tPHL 
= 10.66 ns/pFI 
CL + 297 ns 
I 
10 
- 
330 
900 


tPLH, tpHL 
= 10.5 ns/pFI 
CL + 195 ns 
r- 


'5 
- 
220 
675 


A or B to Cout 
ns 
tPLH, tPHL 
= 11.7 ns/pFI 
CL + 565 ns 
5.0 
- 
650 
1800 
tPLH, tPHL 
= 10.66 ns/pFI 
C,- + 197 ns 
10 
- 
230 
600 
tPLH, tPHL 
= 10.5 ns/pFI 
CL + 145 ns 
15 
- 
170 
450 


Gin to Cout 
ns 
tPLH, tPHL = 11.7 ns/pFI 
CL + 465 ns 
5.0 
- 
550 
1500 


I 
tPLH, tPHL = 10.66 ns/pF) 
CL + 187 ns 
10 
- 
220 
600 
tpLH, 
tPHL 
= 10.5 ns/pFI 
CL + 135 ns 
15 
_. 
160 
450 


Turn-Off Delay Time 
tPLH 
ns 


Gin to S 
tPLH 
= 11.7 ns/pFI 
CL + 715 ns 
5.0 
- 
800 
2250 
tPLH 
= 10.66 ns/pFI 
CL + 197 ns 
10 
- 
350 
975 
tPLH = 10.5 ns/pFI 
CL + 215 ns 
15 
- 
240 
750 


Turn-On 
Delav Time 
tpHL 
ns 


Gin to S 


I 


tPHL 
= 11.7 .s/pFI 
CL + 565 ns 
5.0 
- 
650 


I 


1800 
tpHL 
= 10.66 ns/pFI 
CL + 197 ns 
10 
- 
230 
600 
tpHL 
= 10.5 ns/pFI 
CL + 145 ns 
15 
- 
170 
450 


~ 


VOH 


Any 
OutPut 


VOL 


Duty 
Cycle"" 
50% 


All outputs 
connected 
to respective 
CL 
loads 
f 
:< System 
clock 
frequency 


One MC14560B 
and MC14561B 
permit 
a 
BCD digit to be added to or subtracted 
from 
a second 
digit, 
such 
as in this typical 
con· 


figuration. 
A 
second 
MC14561B 
permits 
either 
digit 
to 
be added 
to 
or subtracted 
from 
the other, 
or either word to appear 
un· 
modified 
at the output. 


Additional 
applications 
data may be found 
in Application 
Note AN·738. 


TRUTH 
TABLE 


Zero 
Add/Subtract 
Result 


0 
0 
B ptu. A 


0 
1 
8 minus A 


1 
X 
8 


..{ 


Al 
F, 
MC14560B 
A2 


A3 
F2 
Cin 
51 


) 
00'" 


A4 
Al 


Camp 
F3 
A2 
52 
Camp 
A3 


Z 
F4 
A4 
53 


81{ 


81 


B2 
54 


83 


B4 
Cout 


MC14561B 
,..{ 


At 
Fl 
MC14560B 
A2 


A3 
F2 
Gin 
51 


A4 
Al 


Camp 
F3 
A2 
52 


Camp 
A3 
Tens 


Z 
F4 
A4 
53 
...{ 


81 


82 
54 


B3 


B4 
Cout 


® MOTOROLA 


EI 


The 
MC14561B 
g's 
complementer 
is a companion 
to 
the 
MC14560B NBCD adder to allow BCD subtraction. A BCD number 
(8-4·2·1 code) is applied to the inputs (A1 = 20, A2 = 21, A3 = 22, 
A4 = 23). Ifthe complement control (Comp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Comp) 
allows the complement control 
to be gated, or an inverted control 
signal to be used. If the complement input is high and the disable 
input low, the g's complement of the number is displayed at the 
outputs. The zero control 
(Z), when high, forces the outputs low 
regardlessof the state of the other inputs. 


When the MC14561B is used to perform BCD subtraction in con· 


junction with the MC14560B N8CD adder, the complement control 
becomesan add/subtract control. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
Propagation Delay = 160 ns typical at VDD = 10 Vdc 
• 
All Inputs Buffered 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capableof Driving Two Low-power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper' 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range .- AL Device 
TA 
-55 to +'25 
°c 
CLlCP 
Device 
-40 
to +85 


Storuge Temperature 
Range 
T stg 
-65 to +'50 
°c 


Z 
Camp Comp 
Fl 
F2 
F3 
F4 
Mode 
0 
0 
0 


0 
0 
1 
Al 
A2 
A3 
A4 
Straight-through 
0 
1 
1 


0 
1 
0 
A1 
A2 
A2A3 
+ A2A3 
A2A3A4 
Complement 
1 
X 
X 
0 
0 
0 
0 
Zero 


••••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XxxB 
~SUffi)( 
Denote. 


T ~L 
Ceramic 
Package 
t=: P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 


Temperature 
Range 


This device contains circuitry to protect 
the inputs against damage due to 
high 
static voltages or electric 
fields; however, 
it is advised 
that 
normal 
p/ecautions 
be 
taken 
to avoid application 
of any voltage 
higher 
than 
maximum 
rated 
voltages to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that Vin and 
Vout 
be constrained 
to the range VSS " 


(Vin or Vout) 
" VOO· 


Unused inputs 
must always be tied to an 
appropriate 
logic voltage levet (e.g., either 
VSsorVOOI. 


Voo 
T1ow• 
25°C 
Th;ah • 


Ch~r.cteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
M•• 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
.. 
0.05 
.. 
a 
0.05 
.. 
0.05 
Vdc 
V,n 
VOO or 0 
10 
.. 
0.05 
- 
a 
0.05 
.. 
0.05 
15 
.. 
0.05 
- 
a 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
.. 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V," 
o Or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
.. 


15 
14.95 
.. 
14.95 
15 
.. 
14.95 
- 


Input 
VOlt3ge#l 
"0" 
Level 
VIL 
Vdc 


(VO 
4.50' 
0.5 Vdc) 
5.0 
.. 
1.5 
-- 
2.25 
1.5 
.. 
1.5 
(VO . 9.0 0' 1.0 Vdd 
10 
.. 
3.0 
- 
4.50 
3.0 
.. 
3.0 


(VO = 13.50,1.5 
Vdd 
15 
.. 
4.0 
.. 
6.75 
40 
.. 
4.0 


"'" 
Level 
VIH 
(VO = 0.50'4.5 
Vdd 
5.0 
3.5 
- 
3.5 
2.75 
.. 
3.5 
- 
Vdc 
1VO ~ 1.0 0' 9.0 Vdcl 
10 
7.0 
.. 
7.0 
5.50 
.. 
7.0 
.. 


1VO = 1.50' 
13.5 Vdc) 
15 
11.0 
.. 
11.0 
8.25 
- 
11.0 
.. 


Output 
Drive 
Current 
IAL Device) 
IOH 
mAde 
1VOH = 2.5 Vdd 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
.. 
-1.7 
.. 


1VOH = 4.6 Vdd 
5.0 
-0.64 
- 
-0.51 
-0.88 
.. 
-0.36 
.. 


1VOH = 9.5 Vdc} 
10 
-1.6 
.. 
-1.3 
-2.25 
.. 
-0.9 
.. 


1VOH = 13.5 Vdcl 
15 
-4.2 
.. 
-3.4 
-8.8 
.. 
-2.4 
.. 


(VOL 
= 0.4 Vdd 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
.. 
0.36 
- 
mAde 
1VOL = 0.5 Vdc) 
10 
1.6 
.. 
1.3 
2.25 
.. 
0.9 
.. 


1VOL' 
1.5 Vdd 
15 
4.2 
.. 
3.4 
8.8 
- 
2.4 
.. 


Output 
Drive Current (CLlCP 
DeVice) 
IOH 
mAde 
1VOH = 2.5 Vdd 
Source 
5.0 
-2.5 
.. 
-2.1 
-4.2 
.. 
-1.7 
- 


(VOH • 4.6 Vdd 
5.0 
-0.52 
.. 
-0.44 
-0.88 
- 
-0.36 
.. 


(VOH 
= 9.5 Vdcl 
10 
-1.3 
.. 
-1.1 
-2.25 
.. 
-0.9 
.. 


(VOH 
= 13.5 Vdd 
15 
-3.6 
.. 
-3.0 
-8.8 
.. 
-2.4 
- 


(VOL = 0.4 Vdd 
Sink 
IOL 
50 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
1VOL • 0.5 Vdd 
10 
1.3 
- 
1.1 
.2.25 
.. 
0.9 
.. 


(VOL 
= 1.5 Vdcl 
15 
3.6 
.. 
3.0 
8.8 
.. 
24 
- 


Input 
Current 
(AL DeVIce) 
lin 
15 
• a 1 
to.OOOOl 
.to.l 
t 1.0 
",Adc 


Input Current (CLlCP Device) 
lin 
15 
.. 
t03 
- 
'0.00001 
to 3 
.. 
t 1.0 
#JAde 


Input 
Capacitance 
Gin 
- 
.. 
- 
50 
7.5 
- 
- 
pF 


(VIO 
- 0) 


QUIescent Current (AL DeVIce) 
'DO 
5.0 
5.0 
0.005 
50 
150 
IJAde 


(Per 
Package) 
10 
.. 
10 
- 
0.010 
10 
- 
300 
15 
20 
.. 
0,015 
20 
.. 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
.. 
20 
- 
0.005 
20 
.. 
150 
J.lAdc 


(Per Package) 
10 
.. 
40 
- 
0.010 
40 
- 
300 
15 
.. 
80 
.. 
0.015 
80 
.. 
600 
Total Supply 
Current--t 
IT 
5.0 
IT = 11.5 .A/kHz} 
f + 100 
jJAdc 


(DynamiC 
plus OUlescent. 
10 
IT' 
13.0 .A/kHzl 
I + 100 


Per Package) 
15 
IT • (4.5 .A/kHzl 
I • 100 
ICL - 50 pF on all outputs, all 
buffers sWitching) 


·Tlow 
-55°C 
for AL Device. -40oC for CLlCP Device. 


Thigh'" 
+1250C for AL DeVice. +8SoC for CLlCP Device. 


J.:NoiseImmunity 
sp~c.;ifiedfor worst·case input combination 
NOIseMargIn for both "·1" and "0" 
level '" 1.0 Vdc min@VOO 
"5.0 
Vdc 
2.0 Vdc m;n@l VOO 
"10 
Vdc 
2.5 Vdc m;n@l VOO 
"15 
Vdc 
tTo calculate total supply current at loads other than 50 pF. 


IT(CLI ~ ITI50 pFI 
+ 4.10-3 
ICL -501 VOOf 
where: IT is in ~A (per package), CL in pF, VOD in Vdc, and f in kHz is input frequency. 


"The 
formulas given are for the typical characteristics only at 25°C. 


II 


Charectlristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
n. 


tTLH 
= (3.0 n./pF) 
CL + 30 ns 
5.0 
- 
100 
200 


tTLH· 
11.5 ns/pF) CL + 15 ns 
10 
- 
50 
100 


tTLH' 
11.1 ns/pF) CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 
tTHL' 
(1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL' 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 


tPLH. tPHL· 
11.7 ns/pF) CL + 315 ns 
tP~L 
5.0 
- 
400 
1000 
tpLH. tPHL = 10.66 ns/pF) CL + 127 ns 
10 
- 
160 
400 


tPLH 
tpHL = (0.5 ns/pF) CL + 95 n. 
15 
- 
120 
300 


Comp 
5 


,Comp 
6 


Z 
9 


5 
5 
., 
It 
.: 
, 
a 
_i 
Inputs 
C 
Outputs 
.§~ 
~~ 
~~ 
A4 
A3 
A2 
Al 
~~ 
F4 
F3 
F2 
Fl 


0 
0 
0 
0 
0 
9 
1 
0 
0 
1 


1 
0 
0 
0 
1 
a 
1 
0 
0 
0 
2 
0 
0 
1 
0 
7 
0 
1 
1 
1 


3 
0 
0 
1 
1 
6 
0 
1 
1 
0 
4 
0 
1 
0 
0 
5 
0 
1 
0 
1 


5 
0 
1 
0 
1 
4 
0 
1 
0 
0 
6 
0 
1 
1 
0 
3 
0 
0 
1 
1 


7 
0 
1 
1 
1 
2 
0 
0 
1 
0 
a 
1 
0 
0 
0 
1 
0 
0 
0 
1 


9 
1 
0 
0 
1 
0 
0 
0 
0 
0 


I liege 
I 
10 
1 
0 
1 
0 
7 
0 
1 
1 
1 
aCD 
11 
1 
0 
1 
1 
6 
0 
1 
1 
0 


Input 
12 
1 
1 
0 
0 
5 
0 
1 
0 
1 


Codes 
13 
1 
1 
0 
1 
4 
0 
1 
0 
0 
14 
1 
1 
1 
0 
3 
0 
0 
1 
1 


15 
1 
1 
1 
1 
2 
0 
0 
1 
0 


II 


One MC14560B and one MC14561B permit a BCD digit 
to be added to or subtracted from a second digit, such as 
in the typical configurations 
in Figures 2 and 3. A second 
MC14561B permits either digit to be added to or subtract· 
ed from the other, or either word to appear unmodified 
at the output. 


Zero 
Add/Subtract 
Result 


0 
0 
B plus A 


0 
1 
B minus 
A 


1 
X 
8 


MC14561B 
..{ 


Al 
F 1 
MC14560B 
A2 


A3 
F2 
Gin 
51 


)0"'" 


A4 
Al 


Camp 
F3 
A2 
52 
~ 
Camp 
A3 


Z 
F4 
A4 
53 


81{ 


81 


82 
54 


83 


Cout 


MC14561B 
...{ 


Al 
Fl 
MC14560B 
A2 


A3 
F2 
Gin 
51 


A4 
Al 


Camp 
F3 
A2 
52 


Camp 
A3 
Tent 


Z 
F4 
A4 
53 
".{ 


81 


82 
54 


83 


84 
Cout 


II 


® MOTOROLA 


The MC14562B is a 128-bit static shift register constructed with 
MOS P-channeland N-channel enhancement mode devicesin a single 
monolithic structure_ Data is clocked in and out of the shift register 
on the positive edJe of the clock input. Data outputs are available 
every 16 bits, from 16 through bit 128. This complementary MOS 
shift register is primarily 
used where low power dissipation and/or 
high noise immunity is desired. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity 
= 45% of VDD typical 
• 
Single Supply Operation 
- Positive or Negative 


• 
Fully Static Operation 
• 
Exceedingly ::;Iow Input Transition Rates May Be Applied to the 
Clock Input:·_ 


• 
5.6 MHz Operation @ VDD = 10 Vdc 
• 
Cascadableto Provide Longer Shift Register Lengths - 
1.5 MHz 
Operation @ VDD = 10 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 1BVdc 
• 
Capable of Driving Two Low-power TTL Loads,One Low-power 
Schottky TTL Load or Two HTL LoadsOver the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55'0+125 
°c 
cLlep 
DeVIce 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 '0 +150 
°c 


128-BIT STATIC SHIFT 
REGISTER. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


016 


12 
C ••• 
032 


048 
9 


10016 
064 


080 
8 
lJQJ2 
096 
2 
9 <>0. 
Clock 
0112 
6 


1 Q64 
0128 
3 


.080 


'096 
Pins4endl1 
VOO· 
Pin , .• 
not u.d. 
VSS· 
Pin 7 
60111 


:sul18 


Voo 
Trow. 
25°C 
Thi h· 
Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
005 
0 
0.05 
- 
0.05 
Vdc 
V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" Level 
V,l 
Vdc 
(Va - 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


IVO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(VO . 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
< 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1 5 or 13.5 Vdci 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
10H 
mAde 
{VOH 
< 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
.. 
-1.3 
-2.25 
- 
-0.9 
- 
{VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
10l 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Cunent ICLlCP Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
.. 


(VOH = 4.6 Vdcl 
50 
-0.52 
- 
-0.441 
-0.88 
I - 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10l 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input Current IAL Device) 
lin 
15 
- 
,0.1 
- 
:to.DOOO1 
to 1 
- 
, 1.0 
/JAde 


Input Current ICLlCP Device) 
lin 
15 
- 
'03 
. 
'0.00001 
.t 0.3 
.. 
.! 1.0 
jJAdc 


Input Capacitance 
C,n 
- 
- 
.. 
5.0 
7.5 
.. 
pF 
(Vin 
. 01 


QUiescentCurrent (Al 
Device) 
100 
5.0 
- 
5.0 
- 
0010 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
. 
10 
- 
0.020 
10 
- 
300 
15 
20 
- 
0.030 
20 
- 
600 


QUiescent 
CUIrent ICLlCP DeVice) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
jJAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 
Total Supply Current-· 
t 
IT 
5.0 
IT - 11.94 .A/kHz) 
f • 'DO 
}JAde 


(DynamIc plus Quiescent. 
10 
IT = 13.81 .A/kHz' 
I • 100 
Per Packagel 
15 
'T 
= (5.52 .A/kHz) 
f • 100 
(Cl 
50 pF on all outputs, all 
buffers switching) 


-Tlow' 
-SSoC for AL Oevlce, -40oC for CL/CP Device. 


ThIgh = t12SoC for AL Device, +8SoC for CLlCP DeVice. 


~NOfseimmunity 
spec.;ifiedfor worst·case input combination 
NOiseMargin for both "1" and "0" level'" 1.0Vdc min @ VOD 
""S.OVdc 
2.0 Vdc min @ VDD 
'" 10 Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 
fTo calculate total supply current at loads other than SOpF: 


'T1Cl) 
• ITI50 pF) + 4 x 10-3 
(Cl 
-501 
VOO' 
where: IT is in IlA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 


--The formulas given are for the tYPical characteristics only at 25°C. 


This device conteins circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however. it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this htgh im- 
pedance circuit. 
For proper operation it is recommended that Vin .00 Vout be constrained to the range VSS C; (Vin or Vout) 
<;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VoOL 


Ch.ract.ristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
ITLH 
n. 
ITLH' 
13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 


ITLH' 
(1.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 
ITLH' 
11.1 ns/pFI 
CL + 10 ns 
15 
- 
40 
80 


Output 
Fall Time 
ITHL 
n. 
ITHL' 
11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
10.75 ns/pFJ 
CL + 12.5 ns 
10 
- 
50 
100 
ITH L • 10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
IPLH, 
n. 
Clock to a 
IPHL 
IPLH, 
tPHL' 
11.7 ns/pFJ 
CL + 515 ns 
5.0 
- 
600 
1200 
IPLH, 
tpHL' 
(0.66 n./pF) 
CL + 217 ns 
10 
- 
250 
500 
IPLH, 
tPHL' 
10.5 ns/pFI 
CL + 145 ns 
15 
- 
170 
340 


Clock-Pulse Width 
IWH 
5.0 
600 
300 
- 
n. 
(50"" Duty 
Cycle) 
10 
220 
110 
- 
15 
150 
75 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
1.9 
1.1 
MHz 
10 
- 
5.6 
3.0 
15 
- 
8.0 
4.0 


Data to Clock Setup Time 
lsulll 
5.0 
-20 
-170 
- 
n. 
10 
-10 
-64 
- 


15 
0 
-60 
- 


IsulOJ 
5.0 
-20 
-91 
- 
n. 
10 
-10 
-58 
- 
15 
0 
-48 
- 


Data to Clock Hold Time 
Ih(lI 
5.0 
350 
263 
- 
ns 
10 
165 
109 
- 
15 
155 
100 
- 


IhIO) 
5.0 
350 
267 
'- 
n. 
10 
200 
140 
- 


15 
140 
93 
- 


016 


032 


048 


064 


080 


096 


0112 


0128 


0.1:. 


(1 - )ifo) 
/ 


Vss 


\ 
~VDD 


-----~. 
--- 
VSS 


Pin 
No', 
f-- Pu'" 1-j 
!-Pulse 
16~ 
f-Pulse 
32-1 
f-Pu1se 128-1 


Clock 5~_~_~_rJ'~ 


E3 


® MOTOROLA 


II 


The MC14566B 
industrial time base generator is constructed 
with MOS P-channel and N-channel enhancement 
mode devices 
in a single monolithic 
structure. 
This device consists of a divide- 
by-10 
ripple 
counter 
and a divide-by-5 
or divide-by-6 
ripple 
counter to permit stable time generation from a 50 or 60 Hz line. 
By cascading this device as divide-by-60 
counters, seconds and 
minutes can be counted and are available in BCD format 
at the 
circuit outputs. 
An internal monostable 
multivibrator 
is included 
whose output can be used as a reset or clock pulse providing ad- 
ditional 
frequency 
flexibility. 
Also a pin has been included 
to 
allow divide-by-5 
counting for generating 
1.0 Hz from European 
50 Hz line. Pin 11 = VDD will cause + 5. 


• 
Negative EdgeTriggered Counters for Easeof Cascading 
• 
PulseShaperson Counter Inputs Accept Slow Input RiseTimes 
• 
Monostable Multivibrator 
Positive or Negative EdgeTriggered 
• 
Noise Immunity = 45% of VDD typical 
• 
Diode Protection on All Inputs 
• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capableof Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
Voo 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-D.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
DeVice 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


~ BCD 
lout 


INDUSTRIAL 
TIME 
BASE GENERATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 


Voo 
Tlow. 
2SoC 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
rVp 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin-VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage" 
"0" 
Level 
VIL 
Vdc 
1VO 
0 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va' 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1Vo' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va· 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1Vo' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va· 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
'OH 
mAde 
(VOH 
c 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH '4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL ' 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
DeVIce) 
'OH 
mAde 
(VOH ' 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1. 
1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-36 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
to.l 
to.OOOO1 
to.l 
1:1.0 
jolAdc 


Input Current 
ICl/CP 
Device) 
lin 
15 
- 
'0.3 
- 
to.OOOOl 
1: 0.3 
- 
! 1.0 
~Adc 


Input Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
= m 


Quiescent 
Current 
(AL 
DeVice) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
}JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
ICLlCP 
DeVice) 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current· 
• t 
'r 
5.0 
Ir' 
(1.0 /lA/kHz)! 
+ 'DO 
/JAde 
(Dynamic 
plus Ouiescent, 
10 
Ir = 12.0 /lA/kHzl! 
+ 'DO 
Per 
Package) 
15 
Ir = (3.0 /lA/kHzl! 
+ 100 
tel = 50 pF on all outputs, all 
buffers switching) 


-Tlow 
= -SSoC for AL DeVice. -40oC 
for CLlCP 
Device. 


Thigh 
= +12S0C 
for AL Oevlce. +8SoC for CL/CP 
Device . 


.l:Noise immunity 
specified for worst-case input combination, 


Noise Margin for both "1" and "a" level = 1.0 Vdc min@ 
VDO 
:- S,O Vdc 


2.0 Vdc min@ 
VOD 
:: 10 Vdc 
2.5 Vdc min @ VOO 
• 15 Vdc 
tTo calculate total supply current at loads other than SO pF: 


'rICLI 
• 'r150 
pFI 
+ 1 • 10-3 (CL -501 VOO' 
where:"T 
is in IJ.A (per package). CL in pF. VOD 
in Vdc, and f in kHz is input frequency. 
• ·The 
formulas given are for the typical characteristics only at 2SoC. 


This 
device 
contains 
circuitry 
to 
protect 
the 
Inputs 
against 
damage 
due 
to 
high 
static voltages or electric 
fields; however, 


it 
is advised 
that 
normal 
precauttons 
be 
taken 
to avoid 
applicatIon 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operatIon 
it is recommended 
that Vin and 
Vout 
be constrained 
to the 
range VSS 
<; 


(Vin or Voutl 
" VOO· 


Unused 
inputs 
must always be tied to an 
appropriate 
logic voltage level (e.g., eith., 
VSS or VOOI. 


II 


, 
Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
n. 


tTLH 
• 13.0 n.!pF I CL + 30 n. 
5.0 
- 
100 
200 
tTLH' 
11.5 n.!pFI CL + 15 n. 
10 
- 
50 
100 
tTLH· 
11.1 n.!pFI CL + 10 n. 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
n. 


tTHL 
= (1.5 n.!pF) CL + 25 n. 
5.0 
- 
100 
200 


tTHL· 
10.75 n.!pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL· 
10.55 n.!pF) CL + 9.5 n. 
15 
- 
40 
80 
, 


Propagation Delay Time, Clock to Q3A 
tpLH. 
n. 


tPLH. 
tPHL 
= 11.7 n.!pF) CL + 1365 n. 
tpHL 
5.0 
- 
1450 
4500 


'PLH. 
'PHL' 
10.66 n.!pF) CL + 497 n. 
10 
- 
530 
1500 


tpLH. 
tpHL 
= to.5 n.!pF) CL + 295 n. 
15 
- 
320 
1000 


Propagation Delay Time, Reset to 03A 
tPHL 
n. 
'PHL 
= (1.7 n.!pFI CL + 845 n. 
5.0 
- 
930 
3000 
tpH L = (0.66 n.!pF) CL + 282 n. 
10 
- 
315 
1000 


tPHL 
= to.5 n.!pF) CL + 185 n. 
15 
- 
210 
750 


Clock Pulse Width 
'WHlell 
n. 
5.0 
1200 
400 
- 
10 
400 
125 
- 


15 
270 
90 
- 


Reset Pulse Width 
'WHIR) 
n. 


5.0 
1200 
400 
- 
10 
400 
125 
- 
15 
270 
90 
- 


Clock Pulse Frequency 


I 


'el 
MHz 


I 


5.0 
- 
1.0 
0.3 
10 
- 
2.5 
1.0 


15 
- 
4.2 
1.5 


Clock Pulse Aise and Fall Time 
lTLH. 
- 


tTHL 
5.0 
10 
No Limit 
15 
- 
Monostable 
Multivibrator 
Pulse Width 
tWH(Qml 
n. 
5.0 
1200 
2800 
- 
10 
400 
900 
- 
15 
300 
600 
- 


500 
J,lF 


Von 
Vss 


CA 
aOA 
ffi1 


CB 
a'A 
a2A 


Reset 
a3A 


+5h-6 
aOB 
Control 
a'B 
B 
a2B 


]["']["']["']["']["']["' 


A 
am 


CL11 


CL 


rrrrrrrr 
IJ 


01~ 


02 ~ 


03~ 


Divide-By- 
5/Divide-By- 
6 


3 
4 
5 
0 


01~ 


02'%1 
l- 


~ 
IL 


> 1500 PF'r 


---------,S3 


i 


Tenth 
A 
Q 
: 


} Seoond, 
B 
m 
I 


I 


.J 


,---- 
I 
+5/+6 


I 
00 


-:-10 
00 


C 
01 
02 


I 
02 
03 
L 
_ 


,---------------- 
I 
"710 
+5/+6 
I 
00 
00 


I 
C 
01 
C 
01 
I 
02 


I 
03 
02 
L 
~o~s 
_ 


I 
~ 10 


I 
00 
I 
C 
01 
I 
02 
I 
03 
02 
L 
~n~e~ 
_ 


,-------------- 
I 
.;.10 
I 
00 
00 
I 
C 
~~ 
01 
I 
A03 
R02 
L __ 


----, 
I 
I 
I 
I 
I 
_ 
.J 


-:-5/76 
Control not shown = V55 


Reset 
pins not 
shown 
= VSS 


·Care 
must be taken 
tn the indicated 
cirCUit 
to filter 
line 
transients 
whIch 
may cause "false" 
counting. 


II 
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® MOTOROLA 


PHASE COMPARATOR 
AND 
PROGRAMMABLE 
COUNTERS 


The 
MC14568B 
consists 
of a phase comparator, 
a divide-by-4, 
16, 


64 
or 
100 
counter 
and 
a programmable 
divide-by-N 
4-bit 
binary 


counter 
(all positive-edge 
triggeredl 
constructed 
with 
MOS P-chalinel 


and 
N-channel 
enhancement 
mode 
devices 
(complementary 
MOS) 
in 


a single 
monolithic 
structure. 


The 
MC14568B 
has been 
designed 
for 
use in conjunction 
with 
a 


programmable 
divide-by-JIJ 
counter 
for 
frequency 
synthesizers 
and 


phase-locked 
loop 
applications 
requiring 
low 
power 
dissipation 
and! 


or high 
noise immunity. 


This 
device 
can 
be 
used 
with 
both 
counters 
cascaded 
and 
the 


output 
of 
the 
second 
counter 
connected 
to 
the 
phase 
comparator 


(CTL 
high), 
or used separate 
of the programmable 
divide-by-N 
coun- 


ter, for 
example 
cascaded 
with 
MC14569B 
(CTL 
lowl, 
MC14522B 
or 


MC14526B. 


• 
Quiescent 
Current 
= 5.0 
nA typ!pkg 
@ 5 Vdc 


• 
Supply 
Voltage 
Range = 3.0 Vdc 
to 
18 Vdc 


• 
Capa!>le 
of 
Driving 
Two 
Low-Power 
TTL 
Loads, 
One 
Low-Power 


Schottky 
TTL 
Load 
or Two 
HTL 
Loads 
Over 
the 
Rated 
Tempera- 


ture 
Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
VDD 
-0510+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VOO 
-+ 05 
Vdc 


DC Current 
DraIn 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
•• AL 
DeVIce 
TA 
-5510+125 
°c 
CL/CP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T stg 
-6510+150 
°c 


CTL HIGH 


PC1n 
9 
" 


G 


C 1 


CTL 
'5 


10 ,.: 


"0" 


1 0 lfC2 


PE 


"0" 


VOO 
Pin 16 
5 
6 


VSS 
P,n 8 
Dp2 
Dp1 


PHASE COMPARATOR 
AND PROGRAMMABLE 
COUNTERS-- 


I . -, I 


,. 
" 
I 
,. 
, 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC'4XXXB~SU~f;XC.::i:t::'k.9. 
C P 
Plastic 
Package 


A 
E1Ctended Operating 


Temperature 
Range 
e 
Limited 
Operating 


Temperature 
Aange 


F 
G 
Division 
R.1io 
Pin 10 
Pin 11 
of Counter 
01 


0 
0 
4 
0 
1 
16 
1 
0 
64 
1 
1 
100 


peout 


PC'~ 
PC 


PCPout 


C, 


01 


"O··~ 
---~ 
-Ol'iC2 


VDD 
Trow· 
25°C 
Thi h* 


Character;stic. 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
005 
- 
0 
0.05 
- 
005 
Vdc 


V,n 
VOO 
or 0 
10 
- 
0.05 
-- 
0 
005 
- 
005 


15 
- 
005 
0 
0.05 
- 
0.05 
••," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
_. 
4.95 
Vdc 


V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
9.95 
15 
14.95 
- 
14.95 
15 
- 
14.95 


Input Voltage" t 
"0" Level 
VIL 
Vdc 


(VO - 4.50,0.5 
Vdc) 
50 
- 
15 
- 
225 
15 
- 
15 


(VO 
9.0 Or '.0 Vdcl 
10 
3.0 
- 
4.50 
3.0 
-- 
30 


(VO 
13.5 or 1 5 Vdcl 
15 
- 
40 
6.75 
40 
- 
40 


"'" 
level 
VIH 
(VO 
0.5 or 4.5 Vdcl 
5.0 
35 
3.5 
2.75 
3.5 
- 
Vdc 


(VO . 1.00,9.0 
Vdc) 
10 
70 
- 
70 
550 
- 
70 
- 


(VO 
c 1.50' 
13.5 Vdcl 
15 
11.0 
- 
110 
825 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 
(VOH· 
2.5 Vdc) 
Source 
50 
-12 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH • 4.6 Vdc) 
5.0 
-0.25 
- 
-02 
-0.36 
- 
-0.14 
- 


(VOH ' 9.5 Vdel 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH ~ 13.5 Vdel 
15 
-18 
- 
-1.5 
-3.5 
- 
-11 
- 


(VOL - 0.4 Vdc) 
Sink 
'OL 
5.0 
0.64 
- 
051 
0.88 
- 
036 
- 
mAde 


(VOL 
= 05 
Vdc) 
10 
1.6 
- 
13 
225 
- 
0.9 
- 


(VOL = 1.5 Vdel 
15 
4.2 
- 
34 
88 
- 
24 
- 


Output 
Dnve Current 
fCLlCP Device) 
'OH 
mAde 


(VOH = 2.5 Vdel 
Source 
50 
-1.0 
·08 
-1.7 
-06 
- 


(VOH = 4.6 \ldel 
50 
-0.2 
- 
-016 
-036 
- 
·012 


(VOH ' 9.5 Vdc) 
10 
-0.5 
-04 
-09 
- 
-03 


(VOH = 13.5 Vdc) 
15 
-1.4 
-12 
-35 
-1 0 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
·0.52 
- 
044 
088 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1 3 
- 
1.1 
2.25 
- 
09 
.- 


(VOL = 1.5 Vdel 
15 
3.6 
-- 
30 
8.8 
- 
24 
- 


Input 
Current 
(AL 
Device) 
I,n 
15 
,0 
I 
,000001 
,01 
- 
"0 
~Adc 


Input Curreot 
(CLlCP Device) 
I,n 
15 
'03 
!O 00001 
'03 
- 
"0 
/JAde 


Input 
Capacitance 
Con 
- 
50 
7.5 
pF 
(Vin 
0) 


OUIl~scenl Current 
IAL Device) 
100 
50 
50 
- 
0.005 
50 
150 
,..Ac1c 


{Per 
Package) 
10 
10 
- 
0.010 
10 
300 
15 
20 
0.015 
20 
- 
600 
QUiescent CUHent (Cl/CP 
Device) 
100 
50 
- 
20 
- 
0.005 
20 
150 
IolAdc 


(per 
Package) 
10 
- 
40 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current' 
• t 
IT 
5.0 
IT = (0.2 ,.A/kHz) 
f, 
100 
#>JAde 


(DynamiC plus Quiescent, 
10 
IT = (0.4 ,.A/kHz) 
f + 100 
Per Package) 
15 
IT = (0.9 ,.A/kHz) 
f + 100 
eel" 
50 pF on all outputs, 
all 


buffers sWitching) 


Th,....statl 
Leakage Current, 
Pins 1, 13 
ITL 
15 
- 
'0.1 
-- 
,0.ססOO1 
,0.1 
- 
,3.0 
J.lAdc 
(AL Device) 


Three-State 
Leakage Current, 
Pins 1, 13 
ITL 
15 
- 
, 1.0 
- 
,0.00001 
,1.0 
- 
,7.5 
#JAdc 
(CL/CP Devicesl 


-Tlow 
-SSoC for Al 
DevtCe, -400C for Cl/CP 
DeVice 


Thigh 
= t12SoC 
for AL DeVICe, t850C 
for CLlCP DeVice. 


",NOise Immunity 
spet;ified for worst·case 
Input combination 
NOise MargIn for both 
"1" and "0" level - 1.0Vdc min 
@l VOD 
::-S.O Vdc 


2.0 Vdc mm@ 
Van 
- 10 Vdc 
25 
Vdc min @ Vaa 
;; 15 Vdc 
tTo calculate 
tOlal supply current 
at loads other 
than SO pF 
'T(CLI 
= IT(50pF). 
1 • 10-3 (CL -SOl VOOf 
where: 
IT is In IJ,A(per package). 
CLIO pF. VOD in Vdc, and f in kHz is Input frequency 
• -The 'Of'"mulas gt"""en are for the typical 
characteristiCS 
only at 250C 


16 


2 
15 


3 
14 


4 
13 


II 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 
Vd. 


Output Rise Time 
tTLH 


i 


5.0 


[ 
- 
180 
360 
n, 


10 
- 
90 
180 
15 
- 
65 
130 


~allTlme 
tTHL 
5.0 
100 
200 
n, 


10 
- 
50 
100 
15 
- 
40 
80 


Minimum Pulse Width. 
Cl, 01/C2. 
or PCin Input 
tWH 
5.0 
- 
125 
250 
n, 


10 
- 
60 
I 


120 
15 
- 
45 
90 


MaXimum Clock Rise and FaU Time. 
tTLH, 
5.0 
15 
- 
- 
"' 
C1, 01/C2. 
or PC;n Input 
tTHL 
10 
15 
- 
- 


15 
15 
- 
- 


Input 
ReSIstance 
Rin 
5.0 to 15 I 
- 
106 
I 
- 
Mn 


Input 
Sensitivity. 
DC 
Coupled 
- 
5.0 to 15 
I 
See Input Voltage 


Turn-Off 
Delay 
Time. 
tPHL 
5.0 


I 
- 
550 


! 


1100 
n, 
peout 
and 
PCPout 
Outputs 
10 
- 
195 
390 
15 
- 
120 
240 


Turn-On 
Delay 
Time, 
tPHL 
5.0 


I 


- 
675 


I 


1350 
n, 
peout 
and 
PCP out 
Outputs 
10 
- 
300 
600 
15 
- 
190 
380 


I 
6.0 


~ 
I 
~.~ 


I 


6.3 
9.7 


Maximum 
Clock 
Pulse 
frequency 
lei 


I 


5.0 
1.2 
1.8 
- 
MHz 


(Figure 
3a) 


I 
10 
3.0 
8.5 
- 


15 
4.0 
12 
- 


Turn..()n 
Delay 
Time. 
"0" 
Output 
tPLH 
5.0 
- 
450 
900 
n, 


(Figure 
3a) 
10 
- 
190 
380 
15 
- 
130 
260 
Turn-Off Delay Time. "0" Output 
tPHL 
5.0 
- 
225 
450 
n, 
(Figure 3a) 
10 
- 
85 
170 
15 
- 
60 
150 
_.- 
Minimum 
Preset 
Enable 
Pulse 
Width 
tWHIPEI 
5.0 
- 
75 
250 
n. 
10 
- 
40 
100 
15 
- 
30 
75 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields: 
however, 
it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. 
For proper operation it is recommended that Vin and Vout be con- 
strained to the range VSS ~ (Vin or Vout) ~ VOO' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g. either VSS or VOO). 


SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 


FIGURE 
1 - 
PHASE 
COMPARATOR 


~ 


2 
"O"out 
REF 
50" 


® 


tW(Cl1 


,0?:C'- 
,on~ 
Cl 
5~O: 
f 
I 
1O~/o 
,n 
,,,a_ 


lPHL 


EI 


1~_013PCOUt 


Voo· 
Pin 
16 


VSS z Pin 8 


Typical Maximum Frequency Divider D1 
Division ratios: 4.64 or 100 (CL = 50 pF) 


S 


6~ 


"- 
4 
~ 
'~ 
2 
"" 


0 
"'" f"-. Voo' 
15 V 
sr-.... 


'" 


....• 


!'.- 


~~ 


"""" 


~ 
VOO • 10 V 
'-...... 


t--. --t---t---t-- 
VOO' 
5V 
t--- 


Typical Maximum Frequency Divider D1 
Division ratio: 
16 (CL = 50 pF) 


Typical Maximum Frequency Divider D2 
Division ratio: 2 (CL = 50 pF) 


II 


The MC14568B contains a phasecomparator, a fixed 
divider 
(.;- 4, .;- 16, .;- 64, .;- 1001 and a programmable 
divide·by·N 4·bit counter. 


The phase comparator is a positive edge controlled 
logic circuit. 
It essentially consists of four flip-flops and 
an output pair of MOS transistors. Only one of its inputs 
(PCin, pin 14) 's accessible externally. 
The second is 
connected to the output of one of the two counters D1 
or D2 (seeblock diagram). 


Duty cycles of both input signals(at A and B) neednot 


be taken 
into 
consideration 
since the comparator 
responds 
to leadingedgesonly. 
If 
both 
input signals have identical frequenc,es but 
different 
phases,with signal A (pin 141 leading signal B 


(Ref.). the comparator output will be high for the time 
equal to the phasedifference. 
If signal A lagssignal B, the output will be low for the 


same 
time. 
In between, 
the 
output 
will 
be in a three-state 
condition and the voltage on the capacitor of an RC filter 


normally 
connected 
at 
this 
point 
will 
have 
some 
inter- 


mediate value (seeFigure 4). When used in a phaselocked 
loop, this value will adjust the Voltage Controlled Oscil- 
lator frequency by reducing the phasedifference between 
the reference signal and the divided VCO frequency to 
zero. 


n 
n- 


VOD 


A (PC,n)~ 
I ~ 
L- 
VSS 


I ~ 
1/f --...1' 


B IRe' 
_ 
; r-l r-::: 
--H 
~: 
L- 
4 
U" 
VOH 
pCPout 


, 
VOL 
I 
I 
'1 


01 
I! 
VOH 


PCou1 
~ 
II 
U:::===== 


If the input signalshave different frequencies,the out- 
put signalwill be highwhen signal B hasa lower frequency 
than signal A, and low otherwise. 
Under the sameconditions of frequency difference, the 


output will vary between VOH (or VOL) and some inter- 
mediate value until 
the frequencies of both signals are 
equal and their phase difference equal to zero, i.e. until 
locked condition is obtained. 
Capture and lock rangewill be determined by the VCO 


frequency range. The comparator is provided with a lock 
indicator output, 
which will 
stay at logic 1 in locked 


conditions. 


The state diagram (Figure 5) depicts the internal state 


transitions. 
It 
assumes 
that 
only 
one t~ansitionon 
either 
signal occurs at any time. It shows that a change of the 


output 
state 
is always 
associated 
with 
a positive 
transition 
of either signal. For a negativetransition, the output does 


not 
change 
state. 
A 
positive 
transition 
may 
not 
cause 
the 
output 
to 
change; this happens when the signals have 
different frequencies. 


DIVIDE BY 4,16,64 
OR 100 COUNTER (Dl) 


This counter is able to work at an input frequency of 


5 MHz for a VDD value of 10 volts ovet the standard 
temperature range when dividing by 4, 64 and 100. Pro- 
gramming is accomplished by use of inputs F and G (pins 
10 and 11) according to the truth table shown. Connect- 
ing the Control input (CTL, pin 15) to VDD allows cas- 
cading this counter with the programmable divide-by-N 
counter 
provided 
in 
the 
same package_ Independent 


operation 
1$ 
obtained 
when 
the 
Control 
input 
is can· 
nected to VSS. 


The different division ratios have been chosen to gen- 


erate 
the 
reference 
frequences 
corresponding 
to the chan· 
nel spacings normally required in frequency synthesizer 
applications. For example, with 
the division ratio 
100 


and a 5 MHz crystal stabilized source a reference fre- 
quency of 50 kHz is supplied to the comparator_ 
The 


lower 
division 
ratios 
permit 
operation 
with 
low 
frequency 


crystals. 


If used 
in cascade 
with 
the 
programmable 
divide-by-N 
counter, 
practically 
all 
usual 
reference 
frequencies, 
or 
channel 
spacings 
of 25, 
20, 
12.5, 
10, 6.25 
kHz. 
etc. 
are 
easily achievable. 


PROGRAMMABLE 
OIVIOE-BY-N 


4-BIT COUNTER 
(021 


DPJ 
(pins 
7 .. 
4). The 
Preset 
Enable 
input 
enables 
the 
parallel 
preset 
inputs 
DPO. 
DPJ. 
The "0" 
output 
must 
be externally 
connected 
to the 
PE input 
for single 
stage 
applications. 
Since 
there 
is not 
a cascade 
feedback 
input, 


this 
counter. 
when 
cascaded. 
must 
be used 
as the 
most 
significant 
digit. 
Because 
of this, 
it can be cascaded 
with 
binary 
counters 
as well as with 
BCD counters 
(MC14569B, 
MC14522B, 
MC14526B). 


CF 
C 
Me 145228 
Q4 
0' 
MC14526B 


MC,,,S69B 
C 


PEout 
r 
L_ 


B 


N1 


(0-51 
(625 kHz steps) 


Example: 
fout = N1 (MHz) + N2 (x100 kHz) + N3 (x25 kHz) 
Frequency range = 5 MHz 
Channel spacing = 25 kHz 
Reference frequency = 6.25 kH.z 


N2 


(0-9) 
(62.5 kHz steps) 


N3 


(0,4,8, 
121 


(6.25 kHz steps) 


Figures 
shown 
in parenthesis 
refer to example. 


NOTE, 
1. 
10 kH:r Channel 
SPacing 


2. 
expandable 
to 165 Channell 
(Expanded 
frequency 
range 


shown 
in par.nth 
••• 
, 


To Transmitter 
26.965-27.255 


(28.605) 
MHI 


® MOTOROLA 


HIGH SPEED PROGRAMMABLE 
DIVIDE-BY-N 
DUAL 
4-BIT 
BCD/BINARY 
COUNTER 


B 


The MC14569B 
is a high speed programmable divide-by-N dual 
4-bit BCD or binary down counter constructed with MOS P-channel 
and N-<:hannel enhancement mode devices (complementary 
MOS) 
in a single monolithic 
structure. 


It has been designed for use with the MC1456BB phasecompara· 
tor/counter 
in frequency synthesizers, phase-locked loops, and other 
frequency division applications requiring low power dissipation and/ 
or high noise immunity. 


• 
9.5 MHz Typical Counting Rate at 10 V for Any Division 
Ratio Greater Than 1 


• 
Speed-up Circuitry 
for Zero Detection and Preset Enable 


• 
Each 4-Bit Counter Can Divide Independently in BCD 
or Binary Mode 


• 
Quiescent Current = 5 nA typ/pkg 
@ 5 Vdc 


• 
Can be CascadedWith MC1456BB, MC14522B and MC14526B 
f,?r Frequency Synthesizer Applications 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
~5to+150 
°c 


BCD/Binary 


High Speed 


John10n 
Counter 


HIGH SPEED PROGRAMMABLE 
DIVIDE-BY-N 
DUAL 
4-BIT 
BCD/BINARY 
COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


"" ..... 
11SUffiX 
Oenot •• 


L 
Ceramic 
Package 


P 
Plastic 
Package 


• 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


Voo 
Tlow . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
MI' 
Min 
MI' 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin =VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage#" 
"0" 
Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO ~ 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
1VO - 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO - 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH ~ 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-0.88 
- 
-2.4 
- 


1VOL ~ 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL ~ 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH - 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH -9.5 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH - 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdcl 
10 
1.3 
- 
1'.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device I 
lin 
15 
- 
± 0.1 
- 
to.OOOOl 
to.l 
- 
± 1.0 
IlAdc 


Input Current ICLlCP Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
±O.3 
- 
± 1.0 
IJAdc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin =0) 


Quiescent Current {AL Devlcel 
'00 
50 
- 
5.0 
- 
0.005 
5.0 
- 
150 
•.•Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent Current ICLlCP DeVice) 
100 
5.0 
- 
50 
- 
0.005 
50 
- 
150 
",Adc 
(Per Package) 
10 
- 
100 
- 
0.010 
100 
- 
300 
15 
- 
200 
- 
0.015 
200 
- 
600 
Total Supply Current·· 
t 
IT 
5.0 
(0.58 "AlkHz) 
I + 100 
IJAdc 


(Dynamic 
plus 
Quiescent. 
10 
11.20 "A/kHz) 
I + 100 
Per Package) 
15 
11.95 "A/kHz)f+ 
100 
ICL'" 
50 pF on all outputs. all 
buffers switching) 


-Tlow =-550C 
for AL Device, _40°C for CLlC? Device. 


Thigh - +12SoC for AL Device, +8SoC for CLlC? Device. 


#Noise immunity 
specified for worst·case input combination. 


NOIseMargin for both "1" and "0" 
level = 1.0 Vdc min@ VDD 
••.5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min@VOO 
=15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITICLI 
= IT(50 pFI + 1 x 10-3 ICL -501 VOOI 
where: IT is in ~A (per package), CL in pF. VOO in Vdc, and f in kHz is input frequency. 


• -The formulas given are for the typical characteristics only at 250C. 


This 
device contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or 
electric 
fields; 
hO\NElver,it 
is 
advised that 
normal precautions 
be taken 
to avoid application 
of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 
is recomr;nended that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS " 
(Vin 
or 
Vou.) "VOO' 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
Vssor 
VOOI. 


II 


II 


Voo 
All Types 


Ch.racteristic 
Symbol 
Vdc 
Min 
Typ 
M•• 
Unit 


Output 
Rise Time 
tTLH 
5.0 
- 
100 
200 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


Output 
Fall Time 
tTHL 
5.0 
- 
100 
200 
ns 
10 
- 
50 
100 


15 
- 
40 
80 


Turn.()n 
Delay Time 
tPLH 
ns 


PEout 
5.0 
- 
420 
700 


10 
- 
175 
300 


15 
- 
125 
250 
a Output 
5.0 
- 
675 
1200 
ns 
10 
- 
285 
500 
15 
- 
200 
400 


Turn-Qff 
Delay Time 
tpHL 
ns 


PEout 
5.0 
- 
380 
600 


10 
- 
150 
300 


15 
- 
100 
200 
a Output 
5.0 
- 
530 
1000 
ns 
10 
- 
225 
400 


16 
- 
155 
300 


Clock Pulse Width 
tWH 
5.0 
300 
100 
- 
ns 
10 
150 
45 
- 


15 
115 
30 
- 


Clock Pulse Frequency # 
fcl 
5.0 
- 
3.5 
2.1 
MHz 
10 
- 
9.5 
5.7 
15 
- 
13.0 
7.8 


Clock Pulse Rise and Fall Time 
tTLH. tTHL 
5.0 
I'S 
10 
NO LIMIT 


15 


-------------------.~ 


___ 
tP_'"~ 


tTLH 


The 
MC14569B 
includes 
a high speed Johnson 
counter 
followed 
by a BCD/binary 
4-bit synchronous 
counter 
(see 
block 
diagram). 
The use of an encoder 
allows the Johnson 
counter 
to be programmed 
(Le. preset) 
in BCD or binary 
code 
through 
inputs 
DPA I, 
DPA2, 
DPA3, 
and 
DPA4. 


The 
BCD/binary 
counter 
can be programmed 
through 
inputs 
DPB 1. DPB2, 
DPB3, and DPB4. 
For each counter 
a 
divide 
ratio 
of 
10 (BCD count) 
or 
16 (binary 
count) 
can 
be 
chosen 
independently 
by 
inputs 
CTLA 
and 
CTLB 
respectively. 
When 
one 
of 
those 
inputs 
is set 
high, 
the 
divide 
ratio 
of 
the 
corresponding 
counter 
is 10 (BCD); 


when 
it is set low, the division 
ratio 
is 16 (binary). 


A Cascade 
Feedback 
input 
(pin 7). a Q output 
(pin 15) 
and 
a Preset 
Enable 
output 
(pin 
1) made 
it possible 
to 
cascade 
the MC1456BB, 
MC14522B 
and MC14526B 
with 
this 
device. 
CF, 
Q and 
PEout 
of 
MC14569B 
must 
be 
respectively 
connected 
to "0", 
C and 
PE of the following 
counter. 


14 


l:! 
12 
>0 
Z 
10 
w 
:>awa: 
8.0 
u.~- 


When 
MC 14569B 
is uoed alone, 
CF must 
be connected 
to VDD. 
One 
pulse 
wilt appear 
on output 
PEout 
every N 
clock 
periods 
(N being 
the value 
programmed 
on the 
Dp 
inputs). 
Both 
counters 
included 
in MC14569B, 
and 
even- 
tually 
all the 
counters 
which 
are cascaded, 
should 
nor- 


mally be preset 
at the programmed 
values during 
the clock 
period 
where 
they alt reach the count 
zero. 
For best speed 
performance, 
preset 
is started 
as soon as count 
1 is detected. 


As a consequence, 
it is not possible 
to program 
a frequency 
division 
ratio 
of one. 
However, 
it is possible 
to program 
a 
division 
ratio 
of 
11 (i.e. 
DPA I, ... 
DPA4 = 1,0,0,0 
and 
DPB1. 
... 
DPB4 = 1,0,0,0), 
or a division 
ratio 
of 
101 if 
another 
counter 
is cascaded 
with the MC 14569B. 
This 
high 
speed 
configuration 
makes 
it 
possible 
to 
guarantee 
a maximum 
clock 
pulse 
frequency 
of 5.7 MHz 
for a 10 V VDD supply 
for any division 
ratio 
greater 
than 
one. 
Due to the 
presence 
of the 
early 
zero 
detection, 
the 
circuit 
must 
be 
used 
in the 
two 
least 
significant 
digit 
positions. 


Because 
alt the circuitry 
is static, 
there 
is no minimum 
frequency 
specification 
for the Clock 
input, 
C (pin 9). 
B 
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The MC14572U8 
hex functional 
gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic 
structure_ These complementary 
MOS logic gates find 
primary use where low power dissipation and/or high noise immun- 
ity is desired_ The chip contains four inverters, one NOR gate and 
one NAND 
gate. 


• 
Ouiescent Current = 0.5 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Single Supply Operation 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Input Impedance = 1012 ohms typical 


• 
NOR Input 
Pin Adjacent 
to VSS Pin to Simplify 
Use As An 
Inverter 


• 
NAND 
Input Pin Adjacent to VDD Pin to Simplify 
Use As An 
Inverter 


• 
NOR Output Pin Adjacent to Inverter Input Pin For OR 
Application 


• 
NAND 
Output 
Pin Adjacent 
to 
Inverter 
Input 
Pin For AND 
Application 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-05to+18 
Vdc 


InplJt 
Voltage, 
All 
InpulS 
V,n 
-{).5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CL/CP 
DevIce 
-40 
to "'85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


HEX GATE 


4 INVERTERS PLUS 
2-INPUT NOR GATE PLUS 
2-INPUT NAND GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


LOGIC 
DIAGRAM 


2~1 


VOO 
Tlow . 
2SoC 
Thi h· 


Characteristic 
Symbol 
Vde 
Min 
M•• 
Min 
Typ 
M•• 
Mi" 
M•• 
Unit 


Outpul 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
-- 
0.05 
Vde 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
-- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.96 
- 
"de 
Vin ~ 0 or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
1VO 
0 
3.6 or 1.4 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.4 


(VO " 7.2 or 2.8 Vdcl 
10 
3.0 
- 
4.50 
3.0 
- 
2.9 


(VO 
= 11.5 or 3.5 Vdc) 
15 
- 
3.75, 
- 
675 
3.75 
- 
3.6 


"',. 
Level 
VIH 
(VO" 
1.4 or 3.6 Vdc) 
5.0 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
= 2.8 or 7.2 Vdc) 
10 
7.1 
- 
7.0 
5.50 
- 
7.0 
- 
(Va 
= 3.5 or 11.5 Vde) 
15 
11.4 
- 
11.25 
825 
- 
11.25 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-036 
- 
-0.14 
-- 


(VOH " 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL " 0.5 Vdcl 
10 
1.6 
-- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Devlcel 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-02 
-- 
-0.16 
-0.36 
- 
-0.12 
-- 


1VOH " 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH" 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
-- 
0.36 
_. 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
-- 
±01 
- 
±O 00001 
.to.l 
- 
i: 1.0 
iJAdc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
- 
± 0.3 
- 
±O.OOOOI 
±O.3 
- 
± 1.0 
$JAde 


Input 
CapacItance 
Con 
- 
-- 
- 
- 
50 
7.5 
- 
- 
pF 


1Vin = 01 


QUiescent Current 
IAL Devicet 
100 
50 
0.25 
.- 
0.0005 
0.25 
7.5 
IJAdc 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15.0 
15 
1.00 
- 
0.0015 
1.00 
- 
30.0 


QUiescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
J.lAdc 


{Per Packagel 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30.0 


Total 
Supply 
Current·-1 
IT 
5.0 
IT = (1.89 ~A/kHz) 
I + 'DO 
iJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT' 
(3.80 ~A/kHz) 
I + 100 
Per Package) 
15 
IT = 15.68 ~A/kHz} 
I + 100 


(CL '"'50 pF on all outputs, 
all 


buffers 
switchmgl 


·Tlow 
• -55°C 
for AL Device. ~OoC 
for CL/CP 
Device. 


Thigh"" 
+12SoC 
for AL Device, +8SoC for CLlCP 
Device. 


#Noise 
immunitY 
specified 
for worst-case 
input combination. 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 50 pF: 
'TICLI' 
ITI50 pFI + 6. 10-3 ICL -50) VoO' 
where: 
IT is in IlA (per package), 
CL in pF. VDD in Vdc. and f in kHz is input 
frequency. 


··The 
formulas 
given are for the typical 
characleristics 
only at 2SoC. 


This device 
contains 
circuitry 
to protect 
the inputs 
against 
damage 
due 
to high static voltages or electric 
fields; however. 
it is ed· 
vised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage 
higher 
than 
maximum 
rated voltages to this high im· 


pedance 
circuit. 
For proper 
operation 
it is recommended 
that 
Vin and Vout 
be constrained 
to the range 
Vss 
" 
(V in or Vout) 


" VOO' 
Uflused inputs 
must always be tied to an appropriate 
logic voltage 
1• ..,.1 (e.g .. either VSS or VOOI. 


E 


CharKt.rtstic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 


Output Rise Time 
'TLH 
ns 
'TLH 
- (3.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
- 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
'TLH 
- 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
'THL 
ns 
'THL 
- 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
'THL 
- 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
'THL' 
10.55 ns/pFI CL + .9.5 ns 
15 
- 
40 
80 


ProPagation Delay Time 
'pLH, 
ns 
'PLH, 
'PHL 
- 11.7 ns/pFI CL + 30 ns 
'pHL 
5.0 
- 
115 
200 
'PLH, 
'pHL 
• 10.66 ns/pFI CL + 22 ns 
10 
- 
55 
110 
'PLH, 
'PHL 
• 10.5 ns/pFI CL + 15 ns 
15 
- 
40 
85 


Voo 
Voo 


16 
16 


Output 


Output 


CL 


-= 
-= 


VOO 
l 
r-- 
20n. 
--j 


16 
9o" 
Input 
50" 
10% 


~ 


VSS 


Output 
i 


'PHL 


13 
VOH 
9o" 
Output J ~ 
'0" 
VOL 
-= 
IlL 
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4 x 4 MUL TIPORT 
REGISTER 


The 
MC145808 
is a 4 by 
4 multipart 
register 
useful 
in small 
scratch 
pad memories, 
arithmetic 
operations 
when 
coupled 
with 
an 
adder. 
and 
other 
data 
storage 
applications. 
It allows 
independent 
reading 
of any two 
words 
(or the 
same word 
at both 
outputs) 
while 
writing 
into anyone 
of four words. 


Address 
changing 
and data 
entry 
occur 
on the 
rising edge of the 
clock. 
When 
the write 
enable 
input 
is low. the contents 
of any word 
may be accessed 
but not altered. 


• 
logic 
Swing 
Independent 
of Fanout 


• 
No Restrictions 
on Clock 
Input 
Rise or Fall Times 


• 
3-State 
Outputs 


• 
Single Phase Clocking 


• 
Quiescent 
Current; 
10 nA/package 
typical 
@ 5 Vdc 


• 
Supply 
Voltage 
Range; 
3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
low-power 
TTl 
loads. 
One low-power 
Schottky 
TTl 
load 
or Two 
HTl 
loads 
Over the Rated 
Temper- 


ature 
Range. 


• 
Pin Compatible 
with 
CD401 
08 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 
to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per PIn 
I 
'0 
mAde 


OperatlOg 
Temperature 
Range 
- 
AL 
DeVIce 
TA 
-55 to +'25 
°c 


C Llep 
DeVIce 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Clock 


WE 


DO 


Do •• 
{ 
01 


Input 
02 


03 


3·St.te 
A 


OOA 


O'A 
} 
Wo,d A 
02A 
Output 


03A 
4.4 
Memory 
OOa 


O'a 
} 
Wo,d a 
02a 
Output 


03a 


3-State 8 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 623 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
709 


MC14XXXB 
~SUffi)( 
Oenot •• 
T - L 
Ceramic 
Packag. 
t: P 
Plestic 
Pack.ge 
A Extend.d Op.r.ting 
Temperatur. R.ng. 
e 
Limited 
Operating 
Temp.ratur. Range 


24 


23 


22 


4 
2' 
5 
20 


6 
19 


18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


VOO" 
Pin 24 


VSS 
- 
Pin 
12 


EI 


Voo 
Tlow . 
250C 
Thi h· 


CharKteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Von 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
(VO 
4.5 or 0.5 Vdcl 
50 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO 
0 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(VO ~ 0.5 or 4.5 Vdcl 
5.0 
3.5 
.. 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO " 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO" 
1.50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
DeVice) 
IOH 
mAde 
IVOH 
0 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH " 4.6 Vdcl 
5.0· 
-0.64 
- 
-0.51 
-088 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-09 
- 
(VOH· 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL· 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
036 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
IVOL· 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 
IVOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH ·9.5 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH· 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-88 
- 
-2.4 
- 


IVOL ·0.4 
Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
088 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL ~ 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Devlcel 
lin 
15 
- 
'01 
- 
'0.00001 
'01 
- 
, 1.0 
}.lAde 


Input 
Current 
ICL/CP 
Device) 
Ion 
15 
- 
'03 
- 
±D.OOOOI 
'0.3 
- 
, 1.0 
J,lAde 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
- 
pF 
IV,n ~ 01 


QUiescent 
Current 
IAL 
Devlcel 
100 
5.0 
- 
50 
- 
0.010 
5.0 
- 
150 
J,lAde 


(Per 
Packagel 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
20 
- 
0.030 
20 
- 
600 


OUlescenl 
Current 
ICl/CP 
DeVice) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
J,lAde 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current··t 
IT 
5.0 
IT - 11.18 ~A/kHll 
f • 100 
",Adc 


(Dvnamlc 
plus 
QUiescent, 
10 
IT " (1.91 ~A/kHll 
f 
• 
100 
Per Package) 
15 
IT· 
12.67 ~AlkHll 
f 
• 
100 
tel'" 
50 
pF 
on all 
outputs, 
all 


buffers 
sWitching) 


Three-State 
leakage 
Current 
ITL 
15 
! 0 1 
- 
·000001 
! 0_1 
- 
,3.0 
J,lAdc 


(AL 
Device) 


Three-State 
Leakage 
Current 
'TL 
15 
- 
! 1 0 
- 
'0.00001 
! 1.0 
- 
±J.5 
~Adc 


(CLlCP 
Device) 


"Tlow'; 
-55°C 
for 
AL 
DeVIce, 
-40oC 
for 
CLlCP 
Device. 


ThIgh'" 
+12SoC 
for 
AL 
Device. 
+8SoC 
for CL/CP 
Device. 


r.Noise 
Immunity 
~ified 
for 
worst-case 
input 
combtnatlon 


NOise 
Margtn 
lor 
both 
"1" 
and 
"0" 
level'" 
1.0 Vdc 
min@Voo 
". 5.0 
Vdc 


2.0 
Vdc 
min@ 
VOO 
..: 10 Vdc 
2.5 Vdc m;n @ VOO 
~ 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF. 


'TICL) 
• ITl50 pFI 
+ •• x 10-3 (CL -501 VOO' 


where: 
IT is in ~A 
(per 
package). 
CL 
in pF, 
VOD 
in Vdc. 
and 
f in kHz 
is input 
frequency. 


•.'"The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
onlv 
at 2SoC. 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
agllinst 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields: 
however, 


it 
is advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of .ny 
voltage 
higher 
than 
maximum 
tlted 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that Vin.nd 


Vout 
be constr.ined 
to 
the 
r.nge 
Vss 
"- 


(Vin 
or Vout) 
"- VOO' 


Unused 
inputs 
must 
always 
be titld to an 
appropriate 
logic voltage 
laval (a.g .. either 


Vssor 
VOO)· 


Characteristic 
Symbol 
VOO 
Min 
Typ 
MIIx 
Unit 


Output Rise Time 
'TLH 
ns 


tTLH 
= 13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 
tTLH 
= /1.5 ns/pF) 
CL + 15 ns 
10 
- 
50 
100 


'TLH 
= /1.1 ns/pF) 
CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


PropagatIon Delay Time. Clock to Output 
tPLH, 
ns 


'PHL, tPLH = 11.7 ns/pF) 
CL + 1415 ns 
tpHL 
5.0 
- 
1500 
4500 
'PHL, tPLH = 10.66 ns/pFI CL + 467 ns 
10 
- 
500 
1500 


tPHL, tpLH 
= 10.5 ns/pFI CL + 325 ns 
15 
- 
350 
1125 


Write Enable Setup Time 
'sulWEI 
5.0 
- 
800 
2000 
ns 
10 
- 
300 
750 
15 
- 
180 
550 
. 
+._~-~---~-------~ 
-~- 


Write Enable Setup Time 
tsulWEI 
5.0 
- 
-300 
+150 
ns 


! 
10 
- 
-100 
+75 
15 
- 
-60 
+55 


Write Enable Hold Time 
thlWEI 
5.0 
- 
-800 
-200 
ns 
10 
- 
-300 
-75 
15 
- 
-180 
-45 


Address and Data Setup Time 
tsulDl, 
5.0 
- 
150 
450 
ns 


I 


tsu(WI 
10 
- 
70 
210 


I 
15 
- 
50 
160 
I Add,ess and Data Hold T;me 
thlDl, 
5.0 
- 
160 
480 
ns 


thlWI 
10 
- 
65 
195 
15 
- 
50 
150 


]3-State 
Enable/Disable Delay Time-· 
tPHZ, tPLZ, 
5.0 
- 
355 
900 
ns 


i 
tPZH, tPZL 
10 
- 
140 
350 


I 
15 
- 
85 
250 


I 
j PosItive Clock PulseWidth 
tWH 
5.0 
- 
1000 
3000 
ns 


I 
(minimum) 
10 
- 
350 
1050 
15 
- 
200 
800 


L::':,CIOCk 
Pulse Width 
tWL 
5.0 
- 
400 
1200 
ns 
(minimum) 
10 
- 
85 
255 


------- 
15 
- 
60 
200 


Sink Current 
Source Current 


Position of S1 
2 
, 


VGS 
"" 
VOO 
-VOO 


Vos 
= 
Vout 
Vout - Voo 


B 


II 


PGl 
I 
L 


P.G.2~ 


P.G.3~ 


Output 
-"1 
r-----\ 
,- 


QnA ,B 
'L..J 
'---J 


Voo 


VSS 
VOO 


VSS 


Clock 
WE 
Wnte 
1 
Wnte a 
Read lA 
Read 0A 
Read 'B 
Read 08 
3-StateA 
3-State B 
On 
QnA 
QnB 
~ 
, 
0 
1 
0 
, 
0 
, 
, 
1 
1 
, 
, 
-r 
, 
0 
, 
0 
, 
0 
1 
1 
1 
0 
0 
0 
L- 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
No 
No 
Change 
Change 
X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
X 
R 
R 
0 
X 
X 
X 
X 
X 
X 
X 
, 
1 
X 
No 
No 
Change 
Change 
1 
X 
X 
X 
X 
X 
X 
X 
, 
1 
X 
No 
No 
Change 
Change 
-r 
1 
0 
0 
0 
1 
, 
0 
1 
1 
On to 
Contents 
Contents 
warda 
of word 1 of word 2 
displayed 
displayed 
-r 
0 
0 
0 
0 
, 
1 
0 
, 
1 
Warda 
Contents 
Contents 
not 
of word 1 of word 2 
altered 
dIsplayed displayed 


II 


B 


® MOTOROLA 


The 
MC14581B 
is a CMOS 
4-bit 
ALU 
logic unit capable 
of providing 
16 functions 
of two Boolean 
variables 
and 16 binary 
arithmetic 
operations 
on 
two 
4·bit 
words. 
The 
level 
of 
the 
mode 
.control 
input 
determines 
whether 
the 
output 
funciton 
is logic or arithmetic. 
The desired 
logic func· 
tion 
is selected 
by 
applying 
the 
appropriate 
binary 
word 
to 
the 
select 
inputs 
(SO thru 
53) 
with 
the 
mode 
control 
input 
high, while 
the desired 
arithmetic 
operation 
is selected 
by applying 
a low voltage 
to the mode 
con· 
trol 
input, 
the 
required 
level to carry 
in, and the appropriate 
word 
to the 
select 
inputs. 
The word 
inputs 
and function 
outputs 
can be operated 
with 
either 
active 
high or active 
low data. 
Carry 
propagate 
(Pj and 
carry 
generate 
(G) outputs 
are provided 
to 
allow 
a full 
look·ahead 
carry 
scheme 
for fast simultaneous 
carry 
genera- 
tion 
for 
the 
four 
bits 
in the package. 
Fast 
arithmetic 
operations 
on long 
words 
are obtainable 
by using the MC14582B 
as a second 
order 
look ahead 
block. 
An 
inverted 
ripple 
carry 
input 
(Cn) 
and 
a ripple 
carry 
output 
(Cn+4) 
are included 
for ripple 
through 
operation. 
When 
the 
device 
is in the 
subtract 
mode 
(LHH L), 
comparison 
of 
two 
4-bit 
words 
present 
at the A and B inputs 
is provided 
using the A = B 
output. 
It assumes 
a high-level 
state 
when 
indicating 
equality. 
Also, when 
the ALU 
is in the subtract 
mode 
the 
Cn+4 output 
can be used to indicate 
relative 
magnitude 
as shown 
in this table: 


Data 
Cn 
Cn + 4 
Magnitude 
Level 


H 
H 
A";B 


Active 
L 
H 
A<B 
H;gh 
H 
L 
A>B 
L 
L 
A::'B 
L 
L 
A";B 


Active 
H 
L 
A<B 
Low 
L 
H 
A>B 
H 
H 
A::.B 


FEATURES: 


• 
Functional 
and Pinout 
Equivalent 
to 74181. 


• 
Ouiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 
• 
High Noise Immunity 
= 45% of VDD typical 
• 
Diode 
Protection 
on All Inputs 
• 
Low Input 
Capacitance 
- 
5.0 pF typical 
• 
All Outputs 
Buffered 
• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 
• 
Capable 
of Driving Two 
Low-power 
TTL 
Load, One Low-power 
Schottky 
TTL Load or Two 
HTL Loads Over the 
Rated 
Temper· 
ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
V,n 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pm 
I 
10 
mAde 


OperatIng 
Temperature 
Range 
- 
AL 
DeVIce 
TA 
-55 to +125 
°c 
CLlCP 
DeVice 
-40 to +85 


Storage 
Temperature 
Range 
TSt9 
-6510+150 
°c 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
623 


•• 


PSUFFIX 
PLASTIC 
PACKAG 
E 
24 
CASE 
709 


1 
·"""'1-r:;SUffiX 
Oenote' 
L 
Ceramic 
Pack.ga 


P 
Plastic 
PaCkage 


A 
Extended 
Operating 
Temperatur. Rang. 
e 
Limited 
Operating 


Tamperatur. 
Range 


2" 


2 
23 


3 
22 
.. 
21 


5 
20 


6 
19 


18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
MI' 
Mi" 
ryp 
MI, 
Min 
MI, 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n 
Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageP 
"0" Level 
V'L 
Vdc 
IVO - 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(yo 
> 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


IVO> 
13.50< 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V'H 
IVO' 
0.5 0' 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO' 
1.00,9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO' 
1.50,13.5 
Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
'OH 
mAde 
IVOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
cl.7 
- 
-0.7 
- 


IVOH = 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


IVOH • 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


IVOH· 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
IVOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current ICLlCP 
Device) 
'OH 
mAde 
{VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL • 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
10.1 
10.00001 
±O.l 
± 1.0 
}JAde 


Input 
Current ICLlCP 
Device) 
lin 
15 
- 
10.3 
- 
'0.00001 
'0.3 
- 
:11.0 
./JAde 


Input 
Capacitance 
ein 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IV;n·OI 


Ouiescent 
Current 
tAL 
Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
/JAde 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVIce) 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current··t 
'T 
5.0 
'T = 11.8 ~A/kHz) 
f + '00 
,uAdc 


(DynamiC 
plus Quiescent, 
10 
IT E 13.7 ~A/kHz) 
t + 100 


Per Package) 
15 
IT = 15.5 ~A/kHz) 
t + 100 
ICL 
= 50 pF on all outputs, all 
buffers switching) 


·Tlow" 
-SSoC for AL Device, -400C for CUC? 
Device. 


Thigh::;: -t12SoC for AL Device, -tSSoC for CUC? 
Device. 
#Noise immunity 
spet.:ified for worst-case input combination. 


NOIseMargin for both "1" 
and "0" 
level" 
1.0 Vdc min@VDO 
., 5.0 Vdc 
2.0 Vdc m;n@ 
VOO 
' 
10 Vdc 
2.5 Vdc m;n@VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than SOpF: 


'rlCLI 
= 'r{50 
pFI 
+ 8. 
10-3 
ICL ·50) VOOI 
where: 
IT is in iAA (per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 


"The 
formulas given are for the typical characteristics only at 2SoC. 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 


vised that normal precautions be taken to avoid application 
of any voltege higher than maximum 
rated 4'oltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended that Vin and Vout be constrained to the range Vss " 
(Vin or Voutl 


<; VOO' 


Unused inputs must always be tied tei an appropriate logic voltage level (e.g., either VSS or VDDL 


II 


II 


I 
Ch.raeteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
I Output 
Rise Time 
tTLH 
n, 


tTLH 
- 13.0 ns/pF) CL + 30 ns 
5.0 
- 
100 
200 


tTLH 
= 11.5 n,/pF) 
CL + 15 ns 
10 
- 
50 
100 


I 
tTLH 
- 11.1 ns/pFI CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 
tTHL 
- 11.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
- 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
- 10.55 n./pFI 
CL + 9.5 n, 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
n, 
Sum in to Sum Out 
tpHL 
tPLH. tpHL 
- 11.7 n,/pF) 
CL + 620 ns 
5.0 
- 
705 
1410 


tPLH. tPHL = 10.66 n,/pF) 
CL + 217 n' 
10 
- 
250 
500 
tPLH. tPHL = (0.5 ns/pF) CL + 155 ns 
15 
- 
180 
360 


Sum in to Sum Out (logic 
Mode) 
tPLH. 
ns 
I 


tPLH. tPHL = (1.7 ns/pFI CL + 520 ns 
tpHL 
5.0 
- 
605 
1210 
tPLH. tPHL • 10.66 ns/pFI CL + 182 ns 
10 
- 
215 
430 


tPLH. tpHL 
- 10.5 ns/pFI CL + 155 ns 
15 
- 
180 
360 


Sum in to A - 8 
tpLH. 
ns 
tpLH. 
tPHL = 11.7 ns/pF) CL + 870 ns 
tpHL 
5.0 
- 
955 
1910 
tPLH. tPHL - 10.66 ns/pFI CL + 297 ns 
10 
- 
330 
660 
tPLH. tPHL = 10.5 ns/pF) CL + 220 ns 
15 
- 
245 
490 


Sum In to P or G 
tPLH. 
ns 
tpLH. 
tPHL - (1.7 ns/pF) CL + 400 ns 
tpHL 
5.0 
- 
485 
970 
tPLH. tPHL - 10.66 ns/pF) CL + 147 n, 
10 
- 
180 
360 
tpLH. 
tpHL 
- 10.5 ns/pF) CL + 105 ns 
15 
- 
130 
260 


Sum In to Cn+4 
tPLH 
ns 
tPLH. tPHL = 11.7 ns/pF) CL + 530 n, 
5.0 
- 
615 
1230 
tpLH. 
tpHL - 10.66 ns/pF) CL + 187 n, 
10 
- 
220 
440 
tpLH. 
tPHL - 10.5 n,/pF) 
CL + 135 ns 
15 
- 
160 
360 


Carry In to Sum Out 
tpLH. 
ns 
tPLH. tpHL 
= 11.7 n,/pF) 
CL + 295 ns 
tpHL 
5.0 
- 
380 
760 
tPLH. tPHL - 10.66 ns/pF) CL + 112 n, 
10 
- 
145 
290 
tPLH. tpHL 
- 10.5 ns/pF) CL + 80 ns 
15 
- 
105 
210 


Carry in to Cn+4 
tpLH. 
ns 
tpLH. 
tpHL • 11.7 ns/pF) CL + 220 ns 
tpHL 
5.0 
- 
305 
610 
tpLH. 
tPHL - 10.66 n,/pF) 
CL + 87 ns 
10 
- 
120 
240 
tPLH. tPHL - 10.5 ns/pF) CL + 60 ns 
15 
- 
85 
170 


AC PATHS 
DC DATA 
INPUTS 
FIG.3 


TEST 
INPUTS 
OUTPUTS 
TO Vss 
TO VDD 
MODE 
WAVEFORM 


Sum in to Surnout 
AO 
Any 
F 
Remaining 
A's 
All 8's 
Add 
#1 
Oelav 
Time 
Cn 


Sum,n to P 
AO 
P 
Remaining 
A's 
All S's 
Add 
#1 
oelav Time 
Cn 


Sumi" to G 
BO 
(; 
All A's 
Remaining 
8's 
Add 
", 
Delay Time 
Cn 


Sumin 
to Cn+4 
BO 
Cn+y 


All 
A's 
Remaining 
8's 
Add 
#2 
oelav 
Time 
Cn 


Cn to Surnout 
Cn 
Any 
F 
AliA's 
All 
B's 
Add 
#, 
Delay Time 


Cn to Cn+4 
Cn 
Cn+4 
All A's 
All 8's 
Add 
#, 
oelav 
Time 


Sumin to A = B 
AO 
A-a 
Alia's 
Cn 
Sub 
#2 
Oelay 
Time 
Remaining 
A's 


Sumjn 
to Surnout 
60 
Any F 
Exch.lslve 
Delay Time 
AliA's 
M 
OR 
#2 
(Logic 
Mode) 


High for 
all outputs 
except 
Cn+4 


Low for 
all outputs 
except Cn+4 


Load 
A 
TPout 
I 
TPin 


~OPF± 


FO 
Load 
A 
#, 


F' 
Load A 
TPout 


F2 
Load A 
F3 
Load A 


#2 


A=B 
Load A 
TPout 


Cn+4 
Load A 


G 
Load 
A 


p 
Load A 


See AC Test 


Setup 
Reference 


Table 


for Connections 


FO 
Load 
A 


F' 
Load A 


.2 
Load 
A 


.3 
Load A 


A=B 
Load A 
82 
Duty 
Cycle 
- 5o" 
83 
Cn+4 
Load A 


G 
Load 
A 
TPln 
Cn 
p 
Load A 
MC 


TPout 
I 


~ 


FunctIon 


Select 


Inputs 
5 
6 


VOO 
~ Pin 24 
I 


VSS .••Pin 12 


1'0 
9 


23 
Word A 
21 
1'1 
10 lou,put 


1'2 
11 
FunctIon 
19 


Wo'd BI 


1'3 
13 


22 
14 
Companson 
Output 
20 
Ripple 
Carry 
Output 
'6 
18 
G 
17 
} 
Look An."" 
Carry 
In 
Carry 
Outputs 
II 


Mode 
Control 
ji 
15 


BLOCK 
OIAGRAM 
(ACTIVE 
HIGHI 


4 


5 


6 


FO 
9 
23 
Al 


21 
A2 
Fl 
10 


19 
A3 
F2 
11 


1 
BO 
F3 
13 


22 
Bl 
14 
A-B 
20 
B2 
Cn+ .• 
16 
18 
B3 
Cn 
G 
17 


B 
MC 
15 


INPUTS/OUTPUTS 
ACTIVE 
LOW 
INPUTS/OUTPUTS ACTIVE HIGH 


FUNCTION 
LOGIC 
ARITHMETIC· 
LOGIC 
ARITHMETIC· 
SELECT 
FUNCTION 
FUNCTION 
FUNCTION 
FUNCTION 
5352 
51 SO 
(MC = HI 
(MC = L, Cn = U 
(MC ~ HI 
(MC = L, Cn = HI 


L 
L 
L 
L 
A 
A minus 
1 
A 
A 


L 
L 
L 
H 
AB 
AB minus 1 
A+B 
A+8 


L 
L 
H 
L 
A+S 
AS minus 
1 
AB 
A+B 


L 
L 
H 
H 
Logic ", .. 
minus' 
Logic "0" 
minus' 


L 
H 
L 
L 
A+B 
A plus (A+S) 
AB 
A plut AS 


L 
H 
L 
H 
S 
AB plus (A+SI 
-.. 
(A+BI 
plus AS 


L 
H 
H 
L 
A 0 
B 
A minus B minus' 
A 0 
B 
A minus 
Bminus' 


L 
H 
H 
H 
A+S 
A+S 
AS 
AS minut' 


H 
L 
L 
L 
AB 
A plus (A+B) 
A+B 
A plus AB 


H 
L 
L 
H 
A0 
B 
A plus B 
A""(VB 
A plus S 


H 
'- 
H 
L 
B 
AS 
plus (A+BI 
B 
(A+S) 
plus AS 


H 
L 
H 
H 
A+B 
A+B 
AB 
AB minus' 


H 
H 
L 
L 
Logic "0" 
A plusA 
Logic "1"" 
A plus A 


H 
H 
L 
H 
Ail 
AS plus A 
A+B 
(A+BI 
plusA 


H 
H 
H 
L 
AB 
AS plus A 
A+B 
(A+SI 
plus A 


H 
H 
H 
H 
A 
A 
A 
A minus 
1 


® MOTOROLA 


The MC145828 is a CMOS look·ahead carry generator capable of 
anticipating 
a carry across four 
binary adders or groups of adders. 


The device is cascadable to perform full look·ahead across n·bit ad· 
ders. 
Carry, generate·carry, and propagate·carry functions 
are pro· 


vided asenumerated in the pin designation table shown below. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
High Speed Operation - 
140 ns typical 
@ VDD = 10 Vdc 
(from Data·in to Carry·out) 
• 
Expandable to any Number of Bits 
• 
Noise Immunity 
= 45% of VDD typical 
• 
All Buffered Outputs 
• 
Low Power Dissipation 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low·Power TTL Loads, One Low·power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
V,n 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL 
DeVIce 
TA 
-55 
to +'25 
°c 


CLlCP 
DeVice 
-40 
to +85 


Storage Temperature 
Range 
T stg 
-6510+150 
°c 


LOGIC 
EQUATIONS 


Cn+x 
= GO .•. (J5b • 
Cn) 


Cn+v'" 
G1 + (P1 • GO) .•. <'Pi. po. Cn) 
Cn..-z = G2 .•.(P2 • G1) .•.(P2. 
Pi • Gci)+ (P2 • Pi. 
po. 
Cn) 


G := G3 .•.(P3 • G2) .•.CPJ• P2 • G1) .•.(P; • Pi. 
P3 • GO) 
P~P3.I'2.JS1.1'll 


OESIGNATION 
PIN NO's 
FJNCTION 


GO,G1.G2.G3 
3,1,14.5 
Acti .••••-Low 
Carry-Gene,ate 
Inputs 


PO.P1.P2.P3 
4,2.15.6 
Active-Low 
Carry·Propagate 
Inputs 


Cn 
13 
Carry 
Input 


Cn+x. 
Cn+v 
12,11.9 
Carry 
Outputs 


Cn+t 


G 
10 
Active-Low 
Group 
Carry-Generate 
Output 


p 
7 
Activ.Low 
Group 
Carry-Propagate 
Output 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


." ••••• 
1lSUffi;w.: 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
E;w.:tended Operating 


Temperature 
Range 


C 
Limited 
pperating 


Temperature 
Range 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


II 


Voo 
T10w . 
250C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
50 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vi" 
VOO 
or 0 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


(VO • 4.5 or 0.5 Vdcl 
5.0 
_. 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


1VO" 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


{VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
10H 
mAde 
{VOH • 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VoH 
• 9,5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


{VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


{VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove Current 
(CLlCP 
Device) 
10H 
mAde 
1VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH' 
4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
1VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL • 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVice) 
lin 
15 
- 
± 0.1 
- 
t·O.OOOOl 
to.l 
- 
± 1.0 
~Adc 


Input 
Current 
ICLlCP 
DeVice) 
lin 
15 
- 
± 0.3 
- 
to.00001 
to.3 
- 
± 1:0 
,£.lAde 


"put 
Capacitance 
Con 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IV," '" 0) 


Quiescent 
Current 
(AL DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAdc 


(Pel 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
-. 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(Cl/CP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
JJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current··t 
IT 
5.0 
IT' 
{1.4 ~A/kHzl 
f • 
100 
J.lAdc 


(Dynamic 
plus Quiescent, 
10 
IT' 
(2.8 ~A/kHzl 
I • 
100 


Per Package) 
15 
IT • (4.3 ~AlkHzl 
I • 
100 


(el - 50 pF on all outputs, 
all 


buffe,s 
sWitching) 


-Tlow 
-5SoC 
for AL Oevlce, 
-40oC 
for CLlCP 
Device. 


Thigh 
= t1250C 
for AL Device, 
t850C 
for CLlCP 
Device . 
.,Noise 
Immunity 
spedfied 
for worst-case 
input 
combination. 


NOise Margin for both 
"1" and "0" level 
= 1.0 Vdc min @ VOO 
'" 5.0 Vdc 
2.0 Vdc min @ VOo 
: 10 Vdc 
2.5 Vdc min@VOO 
= 15 Vdc 
tTo 
calculate 
total 
supply 
current 
at loads other 
than 
50 pF: 


ITICLl 
• 'T150 oFI • 5 x 10-3 ICL -501 VOO' 
where. 
IT is in IJA (per package), 
CL ,n pF, VOO in Vdc, and f ,n kHz is input 
frequency. 


"'The 
formulas 
given are for the typical 
characteristics 
only at 2SoC. 


This de\lice contaIns 
circuitry 
to protect 


the 
inputs 
against 
damage 
due 
to 
high 
st.tic 
voltages or electric fields; however, 
it is ad\lised th.t 
normal 
precautions 
be 


taken to avotd application of any voltage 
higher than 
maximum 
r.ted 
volteges to 


this 
high impedance 
circuit. 
For proper 
operation 
it is recommended 
that Vin and 
Vout be constrained 
to the range Vss " 
(Vin or Vout) " VOO' 
Unused inputs must always be tied to an 
appropriate 
logic voltage lavel (e.g., either 


VSS or VOO)· 


Ch.rac1eristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 
tTLH' 
(3.0 ns/pF) 
CL + 30 ns 
5.0 
- 
100 
200 
tTLH 
= (1.5 ns/pFI 
CL + 15 ns 
10 
- 
50 
100 


tTLH' 
(1.1 ns/pFI 
CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


...,---!I.HL· 
10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 
tPLH. tPHL" 
0.7 
ns/pF) 
CL + 260 ns 
tPHL 
Clock to a 
- 
345 
690 
tpLH. tPHL = (0.66 ns/pF) 
CL + 107 ns 
10 
- 
140 
280 


tpLH 
tPHL' 
10.5 ns/pFI 
CL + 85 ns 
15 
- 
110 
220 


AC PATHS 
DC DATA 


INPUT 
OUTPUT 
To VSS 
To VDD 


PO 
P 
Aem,.,nu'Ig 
d's 
p's. en 


GO 
G 
Ps, cn 
Aem,.,n,nll 
ch 


cn 
cn11t' 
cn+Y 
P's 
Os 
cn+' 


Voo 
v,n 


vss 


vOH 
vout 


® MOTOROLA 


The MC 145838 
is a dual Schmitt 
trigger constructed with com- 


plementary 
P-channel and N-channel MOS devices on a monolithic 
silicon substrate. Each Schmitt 
trigger is functionally 
independent 
except for a common 3-state input and an internally-connected 
Ex- 


clusive OR output 
for use in line receiver applications. Trigger levels 
are adjustable through the positive, negative, and common terminals 
with 
the use of external resistors. Applications 
include the speed-up 
of a slow waveform edge in interface receivers, level detectors, etc. 


• 
Quiescent Current = 0.5 nA/package typical 
@ 5 Vdc 


• 
Schmitt Trigger Input Noise Immunity 
= 60% of VDD Typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation 


• 
Capable of Driving Two Low-power 
TTL Loads, One Low-power 
~chottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature Range 


• 
Resistor Adjustable Trigger Levels 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Yon 
-0.5 to Voo 
+ 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
A L Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65to+150 
°c 


~ 


Output 
DIMbI. 


Positive 
82 
2 
3 
1 Common 
B 


Negative 
B 


J'!!,m '. 


L SUFFIX 
P SUFFIX 
B 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


M"O'"'1~SUff;X 
Oonot •• 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 


Temperature 
Range 


Apos 
ANeg 
ACorn 


9 
Ai" 
Aout 
4 


Aout 
11 


13 
Dis 
e 
14 


Bout 
10 
15 
Bin 
Bout 
12 


Spos 
SNag 
BCom 


INPUTS 
OUTPUTS 


A 
a 
rns 
An, 
An, 
a 
Dou• 
.0... 


0 
0 
0 
0 
R 
0 
R 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
0 
R 
1 
R 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
R 
0 
R 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
1 
R 
1 
R 
0 
1 
1 
1 
1 
0 
1 
0 
0 


II 


Voo 
Tlow + 
25°C 
Thi h+ 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
MI' 
Min 
Max 
Unit 


Ou tpu I Vol 
tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin '" VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin"" 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
A and B 
"0" Level 
VIL 
Vdc 
(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
{Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
{Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Curren 
I (AL DeVice) 
IOH 
mAde 
{VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH 
= 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
.1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current ICLlCP Device) 
IOH 
mAde 
{VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
.. 
-0.6 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-(0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


,(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input Current IAl DeviceI 
lin 
15 
10.1 
- 
10.00001 
to 1 
- 
± 1.0 
IJAdc 


Input Current (CL/CP 
Devicel 
lin 
15 
- 
10.3 
- 
10.00001 
.10.3 
- 
11.0 
IJ.Adc 


Input Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVIn.:OI 


Quiescent 
Current (AL DeVIce) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
IJ.Adc 
(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15.0 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30.0 
QUiescent Current (CLlCP Device) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
JJAdc 
(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30.0 
Total Supply Current-· 
t 
IT 
5.0 
IT = (1.33 ~A/kHzl 
f + 100 
I-JAdc 


(Dynamic plus Quiescent, 
10 
IT = (2.65 ~A/kHzl 
t + 100 
Per Package) 
15 
IT 
= (3.98 ~A/kHzl 
t + 100 
eel>:: 50 pF on-all outputs, all 
buffers switching) 


Three·State Leakage Current 
ITL 
15 
- 
10.1 
- 
-000001 
t 0.1 
- 
t3.0 
~Adc 
(AL Devicel 


Three-State Leakage Current 
ITL 
15 
- 
t 1.0 
- 
-0.00001 
t 1.0 
- 
17.5 
~Adc 
(CLlCP Device) 


-T low'" 
-SSoC for AL Device, -40oC for CL/CP Device. 


Thigh'" 
+12SoC for AL Oevice, +8SoC for CLlCP Device. 


.qNoise immunity 
spe<:ifiedfor worst·case input combination 
Noise Margin for both "1" and "0" 
level :: 1.0 Vdc min@ VOD 
:: S.OVdc 
2.0 Vdc min@l VOO 
= 10 Vdc 
2.5 Vdc min@l 
VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than SOpF: 


ITICLI 
= IT(50 pF) + 5. 
10-3 (CL -501 VOOI 
where: IT is in ~A (per package), CL in pF. VOO in Vdc. and f in kHz is input frequency. 


·-The 
formulas given are for the typical characteristics only at 25°C. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


12 


6 
11 


10 


8 
9 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output Rise Time 
ITLH 
ns 


ITLH 
= (3.0 ns/pF) 
CL •. 30 ns 
5.0 
- 
180 
360 


ITLH 
z 11.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
180 


ITLH 
- (1. 1 ns/pF) 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
ITHL 
ns 


ITHL 
- (1.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 


ITHL 
= (0.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


ITHL 
- (0.55 
ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
IpLH. 
ns 


Ain. Bin to Aout• Bout 
IpHL 
IpLH. 
IpHL 
- 11.7 ns/pF) 
CL + 565 ns 
5.0 
- 
650 
1300 


IpLH. 
IpHL 
·10.66 
ns/pF) 
CL + 197 ns 
10 
- 
230 
460 


IpLH. 
IpHL 
z 10.5 ns/pFI 
CL + 125 ns 
15 
- 
150 
300 


Ain. Bin to Aout• Bout 
IpLH. 
ns 


IpLH. 
IpHL 
- 11.7 ns/pFI 
CL + 1015 ns 
IPHL 
5.0 
- 
1100 
2200 


IpLH. 
IPHL 
= 10.66 ns/pFI 
CL + 347 ns 
10 
- 
380 
760 


IpLH. 
IpHL 
= 10.5 ns/pFI 
CL + 235 ns 
15 
- 
260 
520 


Ain. Bin to Exclusive OR 
IpLH. 
ns 


IpLH. 
IpHL 
- (1.7 ns/pF) 
CL + 665 ns 
IPHL 
5.0 
- 
750 
1500 


IPLH. 
IPHL 
• 10.66 ns/pF) 
CL + 257 ns 
10 
- 
280 
560 


IPLH. 
IPHL 
= (0.5 ns/pF) 
CL + 145 ns 
15 
- 
170 
340 


3-State Enable. Disable Delay Time (see figure 5) 
ton. 
ns 


Ion. 
loff' 
(1.7 ns/pFI 
CL + 140 ns 
toff 
5.0 
- 
225 
450 


Ion. 
loff: 
(0.66 ns/pFI 
CL + 57 ns 
10 
- 
90 
180 
ton. toff ""(0.5 ns/pF) 
CL + 30 ns 
15 
- 
55 
110 


Positive Threshold Voltage 
VT+ 
5.0 
3.30 
Vdc 
(Rl. 
R2' 
5.0 kn) 
10 
- 
5.70 
- 
15 
- 
8.20 
- 


Negative Threshold Voltage 
VT_ 
5.0 
- 
1.70 
- 
Vdc 


(Rl. 
R2 = 5.0 knl 
10 
- 
4.30 
- 


15 
- 
6.80 
- 


Hysteresis Voltage 
VH 
5.0 
0.85 
1.70 
3.40 
Vdc 


(Rl. 
R2· 
5.0 kn) 
10 
0.70 
1.40 
2.80 
15 
0.70 
1.40 
2.80 


Threshold Vohage Variation. 
A to 8 
6VT 
5.0 
- 
0.1 
- 
Vdc 
(Rl. 
R2 - 5.0 kn) 
10 
- 
0.15 
- 
15 
- 
0.20 
- 


This device contains circuitry to proteot the inputs ageinn damage due to high static voltages or electric fields; however, it ised- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range Vss 
c; (Vin or Voutl 


<VOO· 
Unused inputs mult always be tied to 8n appropriate 
logic voltage level (e.g., either VSS or VDOL 


II 


II 


Voo 
Vout 


Voo 


Vss 
Ain 
Aout 


11 


SW, 


Ois 


Bin 
Bout 
SW2 


Vss 


OUTPUT 
SOURCE 
OUTPUT SINK 


CHARACTERISTICS 
CHARACTERISTICS 


::~~E t ~~~: ~~~~ VOO 
::~~E 
{~~~: 
~~~ 


OUTPUT 
SWITCH 
POSITION 
SWITCH 
POSITION 


UNDER 
TEST 
SWI 
SW2 
SW' 
SW2 


Aout· Bout 
, 
, 
2 
2 


Aout• 
Bout 
2 
2 
I 
I 


E.clus' ••.•OR 
1 
2 
I 
I 


fout.A;n~ 


fout. 
Bin 


FIGURE 
3 - 
TYPICAL 
THRESHOLD 
POINTS 


A - 
Feedback scheme for 
independent 
threshold 
adjustment: 
80 


A' 
POO;'I.0=a 
Common 


A2 
N~.tiy. 


POO";"::=3 
A' 
Common 


Negative 


g 70 
>~ 
•... 60 
z~~ 50 


~ 40 
~~ JO 
;3 
iL> 
20 
•... 


10 
10 
20 
40· ·100 
1.0k 
10 k 
100 k 


Rl, R2, RESISTANCE 
{OHMSI 


VOO 


Ain 
Aout 


Aout 


Oi, 
0 


Bout 


Bin 
II 


- 
-,--VOH, 
----VOL 


-- 
-,--VOH 
I 
I __ 
-VOL 


II 


TEST 
SWITCH 
POSITION 


ton 
HL 
, 


ton 
LH 
2 


toff 
HL 
2 


toff 
LH 
, 


Pulse 
Generator 
1 
Ain 
Aout 
Aout 
Pulse 
Ois 
0 
Generator 
2 
Bout 


Bin 
Bout 


~ 
\ 


Voo 


Ain 
Vss 


~ 
\ 


VOO 


Bin 


VSS 


VOO 
3-5tate 


DiSlible 


Aout 


® MOTOROLA 


The MC14584B 
hex Schmitt Trigger is constructed 
with MOS 
P-channel and N-channel enhancement 
mode devices in a single 
monolithic 
structure. 
These devices find primary use where low 
power 
dissipation 
and/or 
high noise immunity 
is desired. 
The 
MC14584B 
may be used in place of the MC14069UB 
hex inver- 


ter for enhanced noise immunity 
or to "square 
up" slowly chan- 
ging waveforms. 


• 
Quiescent Current 
= 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two 
Low-Power 
TTL Loads, One Low- 


Power Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range 


• 
Double Diode Protection 
on All Inputs 


• 
Can Be Used to Replace MC14069UB 


• 
For Greater Hysterisis, 
Use MC 14106 B which is Pin-for-Pin 
Replacement 
for CD401 06B and MM74C14 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
voo 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VOO • 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to '125 
°c 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to '150 
°c 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high 
static 
voltages 
or electric 
fields; 
however, 
it is advised 
that normal 
precautions 
be 
taken to avoid application 
of any voltage higher than maximum 
rated voltages to 
this high impedance circuit. 
For proper operation 
it is recommended 
that Vi" and 
Vout 
be constrained to the range VSS C; (Vin or Vout):IIi; 
VOD. 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
(e.g., 


either 
VSS or Vaal. 


HEX 
SCHMITT 
TRIGGER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTiC 
PACKAGE 


CASE 
646 


,,-----E;>o-'o 


13 -----E;>o-12 


II 


Voo 
Tlow. 
25°C 
Thi he 


Chanct.ristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
- VODorO 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
·0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
{Va 
= 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


{VO = 9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
{Va = 13.5 or 1.5 VdcJ 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
{VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
{VO = 1.0 or 9.0 Vdc} 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdel 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH 
= 9.5 Vdel 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


{VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
{VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Devicel 
10H 
mAde 
(VOH = 2.5 Vdel 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


{VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
{VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdel 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
{VOL = 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


nput 
Current 
(AL 
Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
11.0 
IJAdc 


nput 
Current 
ICLlCP 
Device) 
lin 
15 
- 
to.3 
- 
to.OooOl 
10.3 
- 
tl.0 
#JAde 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V in = 01 


Quiescent 
Current 
IAL Device) 
100 
50 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
IJAdc 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
O.SO 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent 
Current 
(CUep DeVice) 
'00 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
IJ,Adc 
(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
34 


Total 
SupplV 
Current··t 
IT 
5.0 
IT' 
{1.8 ••A/kHz} 1+ 100 
IJAdc 
(Dynamic 
plus Quiescent, 
10 
IT = (3.6 ••A/kHzl 
I + IDO 
Per 
Package) 
15 
IT' 
15.4 ••A/kHzl 
1+100 
ICL 
" 50 pF on all outputs. 
all 
buffers 
sWitching) 


Hvsteresis 
Vol lege 
VHt 
5.0 
0.27 
1.0 
0.25 
0.55 
1.0 
0.21 
1.0 
Vdc 
10 
0.36 
1.3 
0.30 
0.70 
1.2 
0.25 
1.2 


15 
0.77 
1.7 
0.60 
1.1 
1.5 
0.50 
1.4 


Threshold 
Voltage 
POIitlve..(ioing 
VT+ 
5.0 
1.9 
3.5 
1.8 
2.7 
3.4 
1.7 
3.4 
Vdc 
10 
3.4 
7.0 
3.3 
5.3 
6.9 
3.2 
6.9 
15 
5.2 
10.6 
5.2 
8.0 
10.5 
5.2 
10.5 
Negative-Going 
VT_ 
5.0 
1.6 
3.3 
1.6 
2.1 
3.2 
1.5 
3.2 
Vdc 
10 
3.0 
6.7 
3.0 
4.6 
6.7 
3.0 
6.7 
15 
4.5 
9.7 
4.6 
6.9 
9.8 
4.7 
9.9 


'Tlow 
- -55°C 
lor AL Deviea. -40°C 
lor CL/CP oovieo. 


Thigh· 
+1250C 
for AL Devieo, +850C for CL/CP oovico. 


N:Noi.e immunitY 
specified for wont~al8 
input combination. 


Noile Margin for both "1" 
and "0" 
level '"' 
1.0 Vdc min II!>Voo 
• 5.0 Vde 
2.0 Vdc min " Voo 
- 10 Vdc 
2.5 Vdc min Ii' Voo· 
15 Vde 


tTo calcullte totll IUpgfycurrent at load. other than 50 pF: 


IT (CLI • IT (SO pF) + 1 x 10-3 
(CL -501 Vool 


whoro: 
IT i, in ••A (po, pockogo), CL in pF. Voo 
in Vdc. 
and f in kHz i, input frequlncy. 


• -The formula 
given are for the typical 
charact.ristics 
only at 25°C. 


.VH 
,. VT+ - VT _ (But maximum variation 
of VH is specified as 


lea 
than VT + mix 
- VT _ mln). 


Voo 
Ch.rKteristic 
Symbol 
Vd. 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
ITLH 
5.0 
- 
100 
200 
ns 
10 
- 
50 
100 
15 
- 
40 
80 


Output Fall Time 
ITHL 
5.0 
- 
100 
200 
ns 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Delay Time 
IpLH.lpHL 
5.0 
- 
125 
250 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


VH 
vOD 
1.._ ~- 
- 
~VT+ 


T/I--~~--VT- 


I 
I 
vss 
I 
I 
I 


VH~VDD 
-i. - 
- 
- 
- - VT + 


V· T- 
- - 
- 
- - 
-V 
In 
T- 


I 
i 
I 
I 
I 
I 
I 
VSS 


I 


I 
I 
I 
I 
I 
I 
I 


VT- 
Vr+ 
----l 
VH f-- 


V;n. INPUT 
VOLTAGE 
IVdc) 


II 


The MC 145858 
4-Bit Magnitude 
Comparator 
is constructed 
with complementary 
MOS (CMOS) enhancement 
mode devices. 
The circuit has eight comparing inputs (A3, B3, A2, B2, A 1, B1, 
AD, BOI. three cascading 
inputs (A<A, 
A=B, 
and A>Bl. 
and 
three outputs (A<B, 
A = B, and A>B). 
This device compares two 
4-bit 
words 
(A and B) and determines 
whether 
they 
are "less 
than", 
"equal to", 
or "greater 
than" 
by a high level on the app- 


ropriate output. 
For words greater than 4-bits, 
units can be cas- 


caded by connecting 
outputs 
(A> B), (A< Bl. and (A = B) to the 
corresponding 
inputs of the next significant 
comparator. 
Inputs 
(A < B), (A = B), and (A> B) on the least significant 
(first) compa- 


rator are connected 
to a low, a high, and a low, respectively. 


Application 
include logic in CPU's, correction 
and/or detection 
of instrumentation 
conditions, 
comparator in testers, converters, 
and controls. 
• 
Diode Protection 
on All Inputs 
• 
Noise Immunity 
= 45% 
of VDD typical 
• 
High Fanout> 
50 
• 
Quiescent Current 
= 5.0 nA/package 
typical 
at 5 Vdc 
• 
Expandable 
- 


• 
Applicable 
to Binary or 8421-BCD 
Code 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two 
Low-power 
TTL Loads, One Low- 
power Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range 
• 
Can be Cascaded - See Fig. 3 


Rating 
Symbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V," 
-Q5toVDD' 
05 
Vdc 


DC Current 
Drain per Pm 
I 
10 
mAde 


Operating Temperature 
Range - 
AL DeVice 
TA 
-55to 
.•.125 
°c 
CLlCP 
DeVice 
-40 
to +85 


Storage Temperature 
Range 
T stg 
-65 to +150 
°c 


INPUTS 


COMPARING 
CASCADING 
OUTPUTS 


A3,B3 
A2. 
B2 
Al. 
B1 
AO, BO 
A<B 
A~B 
A>B 
A<B 
A~B 
A>B 
A3>B3 
x 
x 
x 
x 
x 
x 
0 
0 
1 
A3= 
B3 
A2>B2 
x 
x 
x 
x 
x 
0 
0 
1 
A3=B3 
A2 ~B2 
A1>B1 
x 
x 
x 
x 
0 
0 
1 
A3 ~B3 
A2 =B2 
A1 =B1 
AO>BO 
x 
x 
x 
0 
0 
1 
A3-B3 
A2 -B2 
Al 
-B1 
AO-BO 
0 
0 
x 
0 
0 
1 
A3 =B3 
A2 =B2 
A1 ~B1 
AO= BO 
0 
1 
x 
0 
1 
0 
A3=B3 
A2~B2 
A1=B1 
AO=BO 
1 
0 
x 
1 
0 
0 
A3 =B3 
A2~B2 
A1 =B1 
AO=BO 
1 
1 
x 
1 
1 
0 
A3 -B3 
A2-B2 
A1-Bl 
AO<BO 
x 
x 
x 
1 
0 
0 
A3 =B3 
A2= 
B2 
Al<B1 
x 
x 
x 
x 
1 
0 
0 
A3 =B3 
A2<B2 
x 
x 
x 
x 
x 
1 
0 
0 
A3<B3 
x 
x 
x 
x 
x 
x 
1 
0 
0 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


BLOCK DIAGRAM 


4 
(A>Blln 


6 
tAEBltn 


(A<B1in 
{A>B)out 
13 


10 
AO 


11 
BO 


Al 
(A=Blout 


Bl 


A2 


B2 
(A<Blout 
12 


15 
A3 


14 
B3 


VOO• 
Pin 16 
VSS 
• 
Pin 
B 


Voo 
Tlow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"" 
Oar 
VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
-- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" Level 
VIL 
Vdc 
(VO - 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO " 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO" 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
level 
VIH 
(VO" 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO" 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO" 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
tAL DeVice) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-30 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
16 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
10H 
mAde 
(VOH " 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
.- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
_. 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL • 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
-- 
0.44 
0.88 
- 
0.36 
- 
mAde 


1VOL • 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL = 1.5 Vdcl 
15 
36 
- 
3.0 
8.8 
2.4 
- 


Input 
Current 
tAL 
Device) 
lin 
15 
,0. I 
'0.00001 
to 
1 
± 1.0 
~Adc 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
'03 
- 
'000001 
'03 
- 
".0 
~Adc 


Input Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


JVin = 0) 


Ouiescent 
Current 
(AL 
Device) 
100 
50 
5.0 
- 
0.005 
5.0 
150 
JjAdc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.Q15 
20 
- 
600 


QUiescent Current (CUe? 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J,lAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current-· 
t 
IT 
5.0 
IT' 
10_6 "A/kHzl 
f + 100 
}JAde 


(Dynamic 
plus 
Quiescent, 
10 
IT - 11.2 "A/kHzl 
I , 100 
Per Package) 
15 
IT' (1.8 "A/kHzl 
I , 
100 
tel 
= 50 pF on all outputs, all 


buffers switching) 


-Tlow 
= -55°C 
for AL Device, -400C 
for CLlCP Device. 


Thigh = +'2soC 
for AL Device, +8soC for CLlCP Device. 


.teNoiseImmunity $pec;ifiedfor worst·case mput combination. 


Noise Margin for both "'" 
and "0" level = '.0 Vdc min@VOO 
= 5.0 Vdc 


2.0 Vdc min @ VOO 
"10 
Vdc 


2.5 Vdc min@ VOO 
.::.15 Vdc 


tTo calculate total supply currerft at loads other than 50 pF' 


ITICL} = ITI50 pF} + 1 • 10-3 (CL -501 VOOI 
where: IT is in IAA 
(per packagel, CL in pF, Voa 
in Vdc, and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 25°C. 


II 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 


Output 
Rise Time 
lTLH 
ns 
ITLH • (3.0 ns!pFI CL + 30 ns 
5.0 
- 
100 
200 
ITLH 
= 11.5n.!pFI CL + 15 n. 
10 
- 
50 
100 
tTLH 
= (1.1 n.!pFI CL + 10 n. 
15 
- 
40 
80 


Output 
Fall Time 
lTHL 
ns 


ITHL 
= 
(1.5 n.!pFI CL + 25 n. 
5.0 
- 
100 
200 
tTHL 
= 
10.75 n.!pFI CL + 12.5 n. 
10 
- 
50 
100 
tTHL 
= 
(0.55 ns!pFI CL + 9.5 n. 
15 
- 
40 
80 
Turn-Off 
Delay Time 
lPLH, 
ns 
tPLH,lPHL 
= 11.7 n.!pFI CL + 345 n. 
lpHL 
5.0 
- 
430 
860 
lPLH, lPHL = 10.66 n.!pFI CL + 147 ns 
10 
- 
180 
360 
lPLH, IpHL = 10.5 n.!pFI CL + 105 n. 
15 
- 
130 
260 


](JE 


20n. 


20 os 


Voo 


A3 
! 
------- 
VSS 


f 
r-\.-Voo 


B3~ 
"-.vss 


r--\-------- 
VOH 


tA>BloutJ 
\~-------- 
VOL 


IA=Blout ----~I'\~----- 
::: 


Inputs (A>B) 
and (AsS) 
high, and inputs 82. A2, B1, Al. 
80. 
AQ and (A< 
BI low 
f in respect 
to 
a system 
clock. 


This device contains 
circuitry 
to protect 
the inputs 
against damege 
due to high static voltages or electric fietets; howewr. 
it il ad- 


vised that 
normal 
precautions 
be taken 
to avotd applicattem 
of any voltage higher than 
maxirTHJm rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended that Vi" 
and Vout 
be constrained to the range VSS" 
(Vin or Vout) 


';VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g.• either Vss or VooL 


WORD 
Bz 
Bll 
Bl0 
B9 
B8 
87 
86 
65 
84 
83 
82 
el 
80 
WORD 
A= 
All 
Al0 
A9 
A8 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


iii 
iii 
iii 


V . 
1\ 
~ ~ ~ 
Outputs 


Output 
m 
ai 
Gi 


V 
• 
" 
~ ~ ~ 


(A>B)ln~ 


Gi 
a; a; 


V 
• 
1\ 


c{ 
~ 
~ 


Inputs 
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® MOTOROLA 


The 
MC14597B 
and MC14598B 
are 8-bit 
latches, 
one addressed 
with 
an 
internal 
counter 
and 
the 
other 
addressed 
with 
an external 
binary 
address. 
The 
8 latch-outputs 
are 
high 
drive, 
three-state 
and 
bus 
line 
compatible. 
The drive capability 
allows 
direct 
applications 


with 
MPU systems 
such as the Motorola 
6800 
family. 
With 
MC14597B, 
a 3-bit 
address 
counter 
(clocked 
on the 
falling 
edge 
of 
Increment) 
selects 
the 
appropriate 
latch. 
The 
latches 
of 
the 
MC14598B 
are accessed 
via the 
Address 
pins, 
AD, A 1, and A2. 


A Full 
Flag 
is provided 
on the MC14597B 
to indicate 
the position 
of the Address 
counter. 


All 
8 outputs 
from 
the 
latches 
are 
available 
in 
parallel 
when 
Enable 
is in ·the 
low 
state. 
Data 
is entered 
into 
a selected 
latch 
from 
the 
Data 
pin when 
the 
Strobe 
is high. 
Master 
reset is available 
on both 
parts. 


• 
Serial 
Data Input 
• 
Three·State 
Bus Compatible 
Parallel 
Outputs 


• 
Three-State 
Control 
Pin (Enable) 
TTL Compatible 
Input 
• 
Open 
Drain 
Full Flag (Multiple 
Latch 
Wire-O Ring) 
• 
Master 
Reset 
• 
Level Shifting 
Inputs 
on All Except 
Enable 
• 
Noise Immunity 
- 45% of VDD Typical 
• 
Diode Protection 
- All Inputs 
• 
Supply 
Voltage 
Range 
- 
3.0 Vdc to 18 Vdc 
• 
Capable 
of Driving TTL Over Rated 
Temperature 
Range 
With Fanout 
as Follows: 


1 TTL 
Load 
4 LSTTL 
Loads 
9 LPTTL 
Loads 


R.M~ 
, 
DO 
Data 
tS 
ot 
Strobe 
,. 
02 
Tnr •• 
13 
03 


Stete 
12 
D. 
Output 
It 
OS 
Buffers 


'0 
06 
9 
07 


MC14597B 
MC14598B 


8-BIT, 
BUS-COMPATIBLE 
THREE-STATE 
LATCHES 


Internal 
Counter 
- 
MC14597B 
Binary 
Address 
- MC14598B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


- 


'.--1 


1 


18 
r 
I 


1 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
726 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
707 


~ 


SU~fiXc.r.:;::::.g. 


P 
Pl •• tic Packe"e 
A 
Extended Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


, 
DO 


17 
01 


16 
02 


15 
03 


14 
04 


13 
05 
12 
06 


" 
07 


Eneble 
Outputs 


1 
HI••• 
ImpecMnce 


0 
On 


Rating 
Symbol 
Value. 
Unit 


DC Supply Voltage 
Vnn 
-0.5 
to +18 
Vdc 


Input Voltage, Enable 
Vin 
-0.5 
to VOO +0.5 
Vdc 


Input Voltage, All Other Inputs 
Vin 
-0.5 
to VOO +12 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 to +125 
°c 
CL/CP Device 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


This 
device 
contains 
circuitry 
to 
protect the inputs against damage due to 
high 
static 
voltages or 
electric 
fields; 
however. 
it 
is advised that 
normal pre· 


cautions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to 
this high impedance circuit. 


For proper operation it is recommended 
that 
Vout 
be constrained to 
the 
range 


VSS" 
IVout) 
•• VOO' 


Tlow. 
250C 
Thigh- 
VOO 
Ch.r.cteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
.Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin a VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin· 
0 or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# - 
Enable "0" Level 
VIL 
Vdc 


(VO' 
4.5 or 0.5 Vdcl 
5.0 
- 
0.8 
- 
1.1 
0.8 
- 
0.8 
(VO • 9.0 or 1.0 Vde) 
10 
- 
1.6 
- 
2.2 
1.6 
- 
1.6 
(VO -13.5 
or 1.5 Vdc) 
15 
- 
2.4 
- 
3.4 
2.4 
- 
2.4 


"1" Level 
VIH 
Vdc 


(VO • 0.5 or 4.5 Vde) 
5.0 
2.0 
- 
2.0 
1.9 
- 
2.0 
- 


IVO' 
1.0 or 9.0 Vde) 
10 
6.0 
- 
6.0 
3.1 
- 
6.0 
- 


(V" 
• 1.5 or 13.5 Vde) 
15 
10 
- 
10 
4.3 
- 
10 
- 


Input Voltage# - 
"0" Level 
VIL 
wr- 


Other Inputs 
(VO • 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO ·9.0 
or 1.0 Vde) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO· 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"I" Level 
V'H 
Vdc 
(VO • 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO' 
1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO· 
1.5 or 13.5 Vdcl 
15 
11 
- 
11 
8.25 
- 
11 
- 


Output Drive Current 
Source 
10H 
mAde 
IFUii -Sink 
Only) 
(VOH • 4.6 Vdc) 
5.0 
-1.0 
- 
-1.0 
-2.0 
- 
-1.0 
- 


(VOH ·9.5 
Vdc) 
10 
- 
- 
- 
-6.0 
- 
- 
- 
(VOH' 
13.5 Vde) 
15 
- 
- 
- 
-12 
- 
- 
- 


(VOL' 
0.4 Vde) 
Sink 
10L 
5.0 
1.6 
- 
1.6 
3.2 
- 
1.6 
- 
mAde 


(VOL· 
0.5 Vdcl 
10 
- 
- 
- 
6.0 
- 
- 
- 
(VOL' 
1.5 Vdc) 
15 
- 
- 
- 
12 
- 
- 
- 


Input Current 
(AL Device) 
lin 
15 
- 
.0.1 
- 
.0.ססoo1 
to.1 
- 
".0 
uAdc 


Input Current 
(CUCP Device) 
lin 
15 
- 
'0.3 
- 
.0.ססoo1 
'0.3 
- 
.1.0 
uAdc 


Three~State 
LeakageCurrent 
ITL 
uAdc 
(AL Device) 
15 
- 
to.l 
- 
.0.00001 
'0.1 
- 
.3.0 
(CL/CP Device) 
15 
- 
".0 
- 
.0.00001 
.1.0 
- 
.7.5 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin' 
01 


Quiescent Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
uAdc 
(Per Peckege) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
uAdc 
(Per Peckage) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


tTotal Supply Current at an 
IT 
5.0 
IT - 12.0 uA/kHzlf 
+ 'DO 
Externe' Loed Cepacitenca (CL) 
10 
IT - 14.0 uA/kHz)! 
+ 'DO 
of 130 pF 
15 
IT' 
(6.0 uA/kHz)f 
+ 'DO 


-Tlow 
- -55OC for AL Device, _4Qoe for CUCP Device. 


Thigh' 
+125oC for AL Device, +850C for CUCP Device. 


#Noise immunity specified for worst-caseinput combination. 
Noise Margin both "1" end "O"level - 1.0 Vdc min@VOD·5.0Vdc 


tThe 
formulas given er. for the typical characteristicsonly at 25°C. 
2.0 Vdc min @ VOO • 10 Vdc 
2.5 Vdc min @VOO - 15 Vdc 


II 


II 


Voo 
All Typos 


Ch.racteristic 
SYmbol 
Vdc 
Min 
Typ 
Mo. 
Unit 


Output 
Rise and Fall Time 
lTLH. 
ns 


'TLH. 
'THL" 
10.5 ns/pFICL 
+35 ns 
'THL 
5.0 
- 
100 
200 
'TLH. 
'THL 
" 10.2 ns/pFICL 
+25 
ns 
10 
- 
50 
100 
'TLH. 
'THL 
" (0.16 
ns/pF)CL 
+20 ns 
15 
- 
40 
80 


Propagation Delay Time 
ns 
Enable 
to Output 
'PLH. 
5.0 
- 
160 
320 


L 
'PHL 
10 
- 
125 
250 
15 
- 
100 
200 


Strobe 
to Output 
5.0 
- 
200 
400 
ns 
10 
- 
100 
200 
15 
- 
80 
160 


Strobe to Full 
(MC145978onlyl 
5.0 
- 
200 
400 
ns 
10 
- 
100 
200 
15 
- 
80 
160 


Rnet 
to Output 
5.0 
- 
175 
350 
ns 
10 
- 
90 
180 
15 
- 
70 
140 


Pulse Width 
Enable 
'WH. 
5.0 
320 
160 
- 
ns 
'WL 
10 
240 
120 
- 
15 
180 
80 
- 


Strobe 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 
15 
80 
40 
- 


Incremen' 
(MC14597B 
only) 
5.0 
200 
100 
- 
ns 
10 
100 
50 
-' 
15 
80 
40 
- 


Reset 
5.0 
300 
150 
- 
ns 
10 
160 
80 
- 
15 
100 
50 
- 
Setup Time 
Data 
to.. 
5.0 
100 
50 
- 
ns 
10 
50 
25 
- 
15 
35 
20 
- 
Address 
(MCI45988 
only), 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 
15 
70 
35 
~ 


Incremen, 
(MC14597B 
only) 
5.0 
400 
200 
- 
ns 
10 
200 
100 
- 
15 
170 
85 
- 


Hold Time 
Oatl 
'h 
5.0 
100 
50 
- 
ns 
10 
50 
25 
- 
15 
35 
20 
- 
Address 
(MCI459BB 
only) 
5.0 
100 
50 
- 
ns 
10 
50 
25 
- 
15 
35 
20 
- 


15 
01 
14 
02 
13 03 
12 
04 
11 
05 


10 06 
9 07 


50%~ 
'w 


·1.4 
V with 
VOO - 5.0 V 


NOTES: 
1. 
High-impedance 
output 
Itate 
(another 
device 
controls 
bus). 
2. 
ReNt 
in High 
,tate. 


II 


r--------------------, 


vool 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
vss I 
I 
Each Latch 
I 
L 
-.J 


·1.4 
V with 
VOO ~ 5.0 V. 


NOTES 
1. High·impedance 
output 
state (another 
device controls 
bus). 


2. 
Output 
Load 
85 for 
MC14597B. 


17 
01 
16 02 
15 
03 
14 
04 
13 
05 
12 06 
11 
07 


Addr_ 
Other 
Strobe 
Reset 
Latch 
Latches 
0 
1 
. 
. 


1 
1 
Data 
. 


X 
0 
0 
0 


Address 
Increment 
Enable 
Reset 
Counter 
Full 
~ 
X 
1 
Count Up 
- 
--..r- 
X 
1 
No Change 
- 


X 
1 
0 
Reset 
to Zero 
Set to One 


X 
0 
1 
No Change 
Set to One 


If at 
To Zero on 
X 
1 
1 
ADDRESS 
7 
Falling 
Edge 


of STROBE 


130pFI 


Circuit diagrams external to or containing Motorola products 
are included asa means of illustration 
only. Complete information 
sufficient for construction purpOSesmay not be fully illustrated. 
Although 
the information 
herein has been carefully checked and is 
believed to be reliable, Motorola assumesno responsibility for 
inaccuracies. Information 
herein does not convey to the purchaser 


any license under the patent rights of Motorola or others. 


The Information contained herein is for guidance only. with no 
warranty 
of any type, expressed or Implied. Motorola 
reserves the 
right to make any changes to the information 
and the product(s) 
to which the information 
applies and to discontinue 
manufacture 
of the product Is) at any time. 
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The MC14099B and MC14599B are B·bi't addressable latches. 
Data is elltered in serial form when the appropriate latch is addressed 
(via address pins AO. A 1. A2l and write disable is in the low state. 
Chip 
enable must be high for writing 
into 
MC14599B. 
For the 
MC14599B 
the data pin is a bidirectional 
data port and for the 
MC14099B the input is a unidirectional 
write only port. The Write/ 


Read line controls this port in the MC14599B. 


The data is presented in 
parallel at the output 
of the eight 
latches independently 
of 
the state of Write Disable, Write/Read 
or Chip Enable. 
A Master Resetcapability is available on both parts. 


• 
Serial Data Input 


• 
Parallel Output 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Master Reset 


• 
Noise Immunity 
- 45% of VDD typical 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Capable of Driving Two Low·Power TTL Loads, One Low·Power 
Schottky TTL Load or Two HTL Loads over the Rated 
Temperature Range 


• 
MC14099B pin for pin compatible with CD4099B 


• 
Pin for pin compatible with Fairchild 4724. 


Rating 
Svmbol 
Value 
Unit 


DC SupplV 
Voltage 
VDD 
-0510 
+18 
Vdc 


Input 
VOltage. 
All 
Inputs 
V,n 
-0 5 to VOO .•.0.5 
Vdc 


DC Current 
DraIn 
per Pin 
I 
10 
mAde 


OperatIng 
Temperature 
Range 
. AL DeVice 
TA 
-55 to ·1'25 
°c 
CL/ep 
Dp.vlce 
-40 to +85 


Sturage 
Temperature 
Range 
Tstg 
-65 to +'50 
°c 


MC145998. 
'0. 


00 


:~ 
010' 
" 
OJ 


:~ 
oco. 
" o. 


0' 


VOO'16 


"SS'II 
PIN ASSIGNMENT 


FOR COMPLETE 
DATA 


SEE MC14099B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 
,,~,,- 
r~l,t)'O~u 
, 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 726 
P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
707 


."""'1tSUffiX 
Oenot •• 
L 
C.ramic Package 


P 
PI •• tic Package 
A 
Extend.c:t Operating 
Temperatur. 
Range 
e 
Limited Operating 


Tamperatur. 
Range 


This 
device 
contlins 
circuitry 
to 
protect 
the 
inputs 
agamst 
damage 
due to high static 
voltages 
or 
electric 
fields; 
ho-.wvef, 
it 
is 
advised 
that 
normal 
precautions 
t:. 
taken 
to 
avoid 
application 
of any 
volt. 
higher 
than 
maximum 
rated 
voltages 
to this 
high 
impedance 
circuit. 
For 
proper 
operation 
it 
is 
recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
" 
(Vi" 
or 
Vout) "VOO' 
Unused 
inputs 
must 
always 
be 
tied 
to an 
appropriate 
logic 
voltage 
level (I.g., 
lither 
Vss or VOOI. 


II 


Mechanical Data 


The package availability for each device is indicated on the front page of the individual 
data sheets. Dimensions for the packages are given in this chapter. 


L SUFFIX 
CERAMIC PACKAGE 


~ 


• 
•t I 
CASE 632 


B 
P 


1 
7~ 


--ll-o J 
F 


-~ 
Q 
"""I~ 
J 
i-.Jl f~1 ~~ 
n 


H~....jGf- 
~~~M~J 
__ \\-- 


PLANE 


NOTES: 
1. 
LEAOS WITHIN 
0 13 mm (0.005) 
RADIUS OF 
TRUE POSITION AT SEATING PLANE AT MAX- 
IMUM 
MATERIAL 
CONDITION. 


2. 
DIMENSION 
"L" 
TO 
CENTER 
OF 
LEADS 


WHEN 
FORMED 
PARALLEL. 


3 
DIMENSIONS 
"A" 
AND 
"8" 
DO NOT 
IN- 


CLUDE GLASS 
RUN-OUT. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


[;:::::J] 
~A-l 


NOTES: 


1. LEADS WITHIN 
0.13 mm (0.005) 
RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO CENTER 
OF LEADS 


WHEN 
FORMED 
PARALLEL. 


3. DIMENSION 
"B" 
DOES NOT INCLUDE 


MOLD 
FLASH. 


4. ROUNDED 
CORNERS 
OPTIONAL 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.94 
0.750 
0.785 


B 
6.10 
7.49 
0.240 
0.295 


C 
- 
5.08 
- 
0.200 


D 
0.38 
0.58 
0.015 
0023 


F 
1.40 
1.77 
0055 
0.070 


G 
2.54 Bse 
0.100Bse 


H 
1.9 
2.29 
0.075 
10.090 


J 
0.20 
0.38 
0008 
10.015 


K 
3.18 
5.08 
o 125 10.200 


L 
7.62 Bse 
0.300 Bse 


M 
- 
1 150 
- 
1150 


N 
05111.02 
0.020 
0.040 


MILLIMETERS 
INCHES 


DIM 
MI. 
MAX 
MI. 
MAX 


A 
18.16 
19.56 
0.715 
0.770 
, 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
5,08 
0.160 
0.200 


0 
03' 
053 
0.015 
0.021 


F 
1.02 
1.18 
0,040 
0.010 


G 
2.54 
Bse 
0.100 
'SC 
H 
1.32 
2.41 
0.052 
0095 


J 
0.20 
03' 
o DOS 
0.015 


K 
2.92 
343 
0115 
0.135 


l 
7.62 BSC 
0300 sse 


M 
0 
10 
0 
10 


N 
0.51 
102 
0.020 
0.040 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707 


II 


NOTES, 


1 
POSITIONAL 
TOLERANCE 
OF LEADS 
ID!. 


SHALL 
BE WITHIN 
0.25mmlO.01O) 
AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RELATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHE R. 


2 
DIMENSION 
L TO CENTER 
OF LEADS 
WHEN 
FORMED 
PARALLEL. 


3 
DIMENSION 
B DOES NOT 
INCLUDE 


MOLD 
FLASH. 


~~! 


H 
,- 
F:- L 
LSEATING 
PLANE 


----J 
0 


L SUFFIX 
CERAMIC PACKAGE 
CASE 726 


- 


...- 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


~. 
22.22 
23.24 
0875 
0.915 


B 
610 
660 
0240 
0.260 


.L 
356 
4.57 
o 140 
0.180 
D 
li36' 
.~ 
0014 ~ 
F 
1.27 
1 78 
0.050 
0070 


G 
2 54 BSC 
0.100 
BSC 


H 
1.02 
1.52 
0.040 
0060 


J 
0.20 T 
030 
000810.012 


K 
2.92 I 
343 
0.115 
0.135 


L 
7.62 
BSC 
0.300 BSC 


M 
00 
I 
150 
00 
I 
150 


N 
0.51 
'. 
1.02 
0020 
0.040 


NOTES: 
1. LEADS TRUE POSITIONEDWITHIN 0.25 mm 
(0.010) OIA. AT SEATING PLANE AT MAX· 
IMUM MATERIAL CONOITION. 


201M. 
"L" 
TO CENTER OF LEAOS WHEN 
FORMEDPARALLEL. 


3 
DIM. "A" 
& "B" 
INCLUDESMENISCUS. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
22.35 
23.11 
0880 
0.910 


B 
610 
7.49 
0.240 
0.295 


C 
- 
5.08 
- 
0.200 


D 
0.38 
0.53 
0.015 
0.021 


F 
1.40 
1.78 
0055 
0.070 


G 
2.54 Bse 
0.100Bse 


H 
0.51 
1.14 
0.020 
0.045 
J 
0.20 
0.30 
0.008 
0.012 


K 
3.18 
4.32 
0.125 
0.170 


L 
7.62 Bse 
0.300 Bse 


M 
- 
150 
- 
150 


N 
0.51 
1.02 
0.020 
0.040 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.94 
0.750 
0.785 


B 
6.10 
7.49 
0240 
0.295 


C 
- 
5.08 
- 
0.200 


D 
0.38 
0.53 
0.015 
0.021 


F 
1.40 
1.78 
0.055 
0.070 


G 
2.54 sse 
0.100 
sse 


H 
0.51 
1.14 
0.020 
0.045 


J 
0.20 
0.30 
0.008 
0.012 


K 
3.18 
4.06 
0.125 
0.160 


L 
7.62 8se 
0.300 
sse 


M 
- 
150 
- 
1150 


N 
0.51 
1.02 
0.020 
0.040 


NOTES: 
1. 
LEADS WITHIN 
0 13 mm (0.005) 
RADIUS 
OF 
TRUE POSITION 
AT SEATING 
PLANE AT MAX· 


IMUM 
MATERIAL 
CONDITION. 


2. 
PACKAGE 
INDEX: 
NOTCH IN LEAD 
NOTCH 
IN 
CERAMIC 
OR INK 
DOT. 


3. 
DIM. 
"L" 
TO 
CENTER 
OF 
LEADS 
WHEN 


FORMED 
PARALLEL. 


4. 
DIM. 
"A" 
AND "B" 
00 NOT INCLUDE 
GLASS 


RUN·OUT. 


5. 
DIM "F" 
MAY NARROW 
TO 076 
mm (0.030) 


WHERE 
THE 
LEAD 
ENTERS 
THE 
CERAMIC 


BODY. 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.80 
21.34 
0.740 
0.840 
8 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
508 
0.160 
0200 
D 
0.38 
0.53 
0.015 
0.021 
F 
1.02 
1.78 
0.040 
0.070 


G 
2.548Se 
0.100 IlSC 
H 
0.38 I 
2.41 
0.015To.095 
J 
0.20 
T 
0.38 
0.008 I 0.0 15 
K 
2.92 
3.43 
0.115 
10.135 
L 
762 
8Se 
0.300 sse 
M 
00 I 
100 
00 T 
100 


N 
0.51 
102 
.L.!J.02~~ 


NOTES: 


1 
LEADS WITHIN 
0.13 mm 
(0.005) 
RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO 
CENTER OF Li:ADS 
WHEN FORMED 


PARALLEL. 


3. DIMENSION 
"s" 
DOES NOT 


INCLUDE 
MOLD 
FLASH. 


4. "F" 
DIMENSION 
IS FOR FULL 


LEADS. 
"HALF" 
LEADS 
ARE 
OPTIONAL 
AT LEAD 
POSITIONS 
1,8,9, 
and 16). 


5. ROUNDED 
CORNERS 
OPTIONAL. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 623 


[~~~~~~:~~:u 
~ 


~-- 
.. 
A ---I 


[ 


SEATING 
PLANE 


~ '~_~l. 
~t:;~~ 


i 
i 
-11-0 
NJ} ~ 
\\_ 
-jGI- 
K 
M 
J- 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


Mll!.IME!.tfl.S 
-'NCH.ED 


DIM 
MIN 
MAX 
MIN 
~ 
MAX J 


A 
31!!. 
32E_ 
.!..m 
1m 


I 
1371 
1422 
0540 
0560 


C 
3.94 
5.08 
0.155 
0200 


D 
036 
056 
0014 
0.022 


F 
T 02 
T\2 
0.040 
I 0060 


G 
2.54 
BSC 
1 
0.100 
BSC 


H 
.1.65 
.2 03 
0.065 fifoso_ 


J 
.Q1Q...Q1!. jl JlQ!l ,JUlli. 


K 
2.92 
3.4301150135 


l 
15.24 BSC 
0600 Sse· 


M 
()O 
15° 
~-.lJ50 


N 
_]:~ 
- ~Qt ~o 
040 


MILLIMETERS 
IICHES 


DIM 
Mil 
MAX 
Mil 
MAX 


A 
31. 24 
32.77 
1.230 
1.290 


B 
12.70 
15.49 
0.500 
0.610 


C 
4.06 
5.59 
0,160 
0220 


D 
0.41 
0.51 
0.016 
0,020 


F 
1.27 
1.52 
0.050 
0.060 


G 
2,54 sse 
0,100 sse 


J 
0,20 I 0,30 
0,008 
10.012 


K 
3.18 I 4.06 
0,125 
10,160 


L 
15,24 sse 
0,600 sse 


M 
00 
1 150 
00 
1 150 


I 
0,51 T 1,27 
0,020 
0,050 


NOTES 
I. DIM "l" 
TO CENTER 
OF 


lEADS 
WHEN 
FORMED 
PARAllEl. 


2, lEADS 
WITHIN 
0.13 
mm 


(0,005) RADIUS 
OF TRUE 


POSITION 
AT SEATING 


PLANE 
AT MAXIMUM 


MATERIAL 
CONilITlON, 


(WHEN 
FORMED 
PARAllEl) 


NOTES 


I 
POSITIONAL 
TOLERANCE 
OF 
LEADS 
101. 


ShALL 
BE WITHIN 
0 25 mm 10 0101 AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RELATION 
TO SEATING 
PLANE 
AND 


EACH 
OTHER 


2 
DIMENSION 
L TO CENHR 
OF 
LEADS 


WHEN 
fORMED 
PARAllEL 


3 
DIMENSION 
B DOES 
NOT 
INCLUDE 
MOLD 


fLASH 


II 


II 


Handling Precautions II 


II 


Handling Procedures for CMOS Devices 


Motorola CMOS devices have diode input protection against adverse electrical en- 
vironments such as electrostatic discharge. In regards to this, the following statement 
is included on each data sheet: 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range VSS ,,;; (Vin or Vout) ,,;;VOO. Unused inputs 
must always be tied to an appropriate logic voltage level (e.g., either VSS or 
VOO)· 


Unfortunately, severe electrical transient voltages can be generated during handling. 
For example, static voltages generated by a person walking across a common waxed 
floor have been measured in the 4 to 15 kV range (depending on humidity, surface con- 
ditions, etc.). These static voltages are potentially dangerous when discharged into a 
CI\/IOSinput, considering the energy stored in the capacity ("" 300 pF) of the human 
body at these voltage levels. 


Present CMOS gate protection structures can generally protect against overvoltages. 
This is usually sufficient except in the severe cases. 


The input protection circuit, while adding some delay time, provides protection by 
clamping positive and negative potentials to VOOand VSS respectively. Figure 1 shows 
the internal circuitry for the diode-resistor protection. 


The input protection circuit consists of a series isolation resistor RS, whose typical 
value is 1.5 kQ, and diodes 01 and 02, which clamp the input voltages between the 
power supply pins VOO and VSS. Diode 03 is a distributed structure resulting from the 
diffusion fabrication of RS. 


In addition to the internal protection network, the following steps are recommended to 
further reduce damage to CMOS integrated circuits due to improper handling. 


1. All CMOS devices should be stored or transported in materials that are antistatic. 
CMOS devices must not be inserted into conventional plastic "snow", 
styrofoam 
or plastic trays, but should be left in their original container until ready for use. 


2. The shipping rails are antistatically treated inside and outside. They provide ade- 
quate protection during storage and test/assembly handling operations, but should 
not be re-cycled as continuous 
use will cause deterioration 
of the antistatic 
coating. 


3. 
All CMOS devices should be placed on a grounded bench surface and operators 
should ground themselves prior to handling devices, since a worker can be 
statically charged with respect to the bench surface. Wrist straps in contact with 
skin are strongly recommended. See Figure 2. 


4. 
Nylon or other static generating materials should not come in contact with CMOS 
circuits. 


5. 
If automatic 
handling is being used, high levels of static electricity 
may be 
generated by the movement of devices or boards. Avoid this by grounding suspect 
areas and/or by the use of ionized air blowers, and/or air humidifiers. 


6. 
Cold chambers using C02 for cooling should be equipped with baffles, and devices 
must be contained on or in conductive material. 


7. 
When lead-straightening or hand-soldering is necessary, provide ground straps for 
the apparatus used and be sure that soldering ties are grounded. 


8. 
The following steps should be observed during wave solder operations. 
a. The solder pot and conductive conveyor system of the wave soldering machine 
must be grounded to an earth ground. 


NOTES: 
1 
1/16 inch conductive 
sheet stock covering 
bench top work area. 


Ground Strap. 


Wrist 
Strap 
In contact 
with 
skin. 


StatIc neutralizer. 
(Ionized 
air blower directed 
at work). 
Primarily 
for use in areaswhere 
direct grounding IS impractical. 


II 


b. The loading an"dunloading work benches should have conductive tops which 
are grounded to an earth ground. 


c. 
Operators must comply with precautions previously explained. 
d. Completed assemblies should be placed in antistatic containers prior to being 
moved to subsequent stations. 


9. 
The following steps should be observed during board cleaning operation. 
a. Vapor degreasers and baskets must be grounded to an earth ground. Operators 
must likewise be grounded. 
b. Brush or spray cleaning should not be used. 
c. Assemblies should be placed into the vapor degreaser immediately 
upon 
removal from the antistatic container. 


d. Cleaned assemblies should be placed in antistatic container immediately after 
removal from the cleaning basket. 
e. High velocity air movement or application of solvents and coatings should be 
employed only when module circuits are grounded and a static eliminator is 
directed at the module. 


11. 
All low impedance equipment (pulse generators, etc.) should be connected to 
CMOS inputs only after the CMOS is powered up. Similarly, this type of equipment 
should be disconnected before power is turned off. 


12. 
Equipment specifications should alert users to the presence of CMOS devices and 
require familiarization 
with 
this specification 
prior to performing any kind of 
maintenance or replacement of devices or modules. 


A circuit board containing CMOS devices is merely an extension of the device and 
the same handling precautions apply. Contacting edge connectors wired directly 
to CMOS device inputs can cause damage. Plastic wrapping should be avoided. 
When external connections to a PC board address only an input of a CMOS in- 
tegrated circuit, it is recommended that a resistance or 10 kQ or greater be used in 
series with the input. This resistor will limit accidental damage if the PC board is 
removed and brought into contact with static generating materials. 


14. 
Do not insert or remove CMOS devices from test sockets with power applied. 
Check all power supplies to be used for testing CMOS devices to be certain there 
are no voltage transients present. 


15. 
Double check test equipment setup for proper polarity of voltage before conduct- 
ing parametric or functional testing. 


A other type of precaution involves the CERDIPpackage. Since this device employs a 
glass seal, a high stress on the leads can cause hermeticity failure which will eventually 


result in aluminum corrosion on the die. To avoid this, the leads should never be flexed 
above the seating plane. All insertion tools or automated equipment should contact the 
lead at its narrowest dimension allowing it to bend without affecting the wide portion 
above the seating plane. 


15MIL 
/ 


MINIMUM 
WIDTH 


Reliability and 
Quality Assurance 


Reliability and Quality Assurance 


Motorola has an active Quality Improvement Program with the objective of improving 
failure rates and permitting tighter AQLs. At the time of writing - 
83Q2 - 
the follow- 
ing data was applicable. For current data, please contact your Motorola Sales Office or 
franchised Motorola distributor. 


Functional/Parametric Combined 
0.10% AQL Level II 


Visual/Mechanical Combined 
0.15% AQL Level II 


Package 
Failure Rate in %/1000 hours at 
Ambient Temperature: 


500e 
700e 
85°e 


Plastic 
0.0003 
0.0027 
0.0109 
Ceramic 
0.0001 
0.0006 
0.0025 


Our objective is to further improve our position as the quality leader in the supply of 
semiconductor products. 
Our strategies are: 


1. Actively promote a quality conscious attitude and quality environment in all pro- 
cess, manufacturing and support operations. 


3. 
Maintain and improve programmes for the continuous improvement of outgoing 
quality and reliability. 


7. 
Further improve good working relationships with customers' quality/engineering 
operations. 


In order to assure conformance to specifications, and to assure high levels of quality 
and reliability, there are R & QA activities in all parts of the production cycle. 


Design and 
pre-production 
Wafer 
fabrication 
After 
sales 


Supporting all these activities is our product analysis group and providing supplemen- 
tary support is our Hi-Rei operations group. 


Quality Assurance starts before production commences. Within Motorola, all new pro- 
duction related activities and modifications thereto must be specified, qualified and ap- 
proved prior to implementation. The form of control is defined by the change, and dif- 
ferent controls are used for suppliers, raw materials, processes, equipments, designs 
and packages. Tables 2 and 3 list the qualification tests. Figure 1 shows two typical 
qualification and approval flows, one for a new circuit and one for a process change. 
Before approval is given, three consecutive lots must pass the tests. Once approved, 
the specification is signed off and production can commence. 


Test 
Condition 
Duration 
Reference 


Electrical Endurance 
125°C, 
5V or 15V 
1000 
Hours 
BS9400 
Temperature, 
Humidity 
85°C, 
85% 
R.H. 
1000 
Hours 
Bias 
5V or 15V 
- 


Autoclave 
121OC, 
100% 
R.H. 
240 Hours 
- 
15 P.S.I.G. 


High Temperature 
150°C 
1000 
Hours 
BS9400 
1.2.6.3 
Storage 
Thermal Cycle 
-65°C 
to 150°C 
1000 
Cycles 
BS9400 
1.2.6.13 
(Air to Air) 
5 Min Dwell 
Thermal Shock 
-65°C 
to 150°C 
1000 
Cycles 
BS9400 
1.2.6.19 
(Liquid to Liquid) 
5 Min Dwell 
1500G, 
3 per axis 
0.5 mS 
BS9400 
1.2.6.6/11 
Shock & Vibration 
20G, 
150-2000Hz 
2 Hours 
BS9400 
1.2.6.8.1 
per axis 


Hermeticity 
1.85, 
10-8 
- 
MIL STD 883 
STD CC/SEC 
Method 014.1 
Visual Inspection 
- 
- 
BS9400 
1.2.2.1 
Dimensions 
- 
- 
BS9400 
1.2.3 
Marking 
- 
- 
BS9400 
1.2.6.18 
Permanency 
Solderability 
230°C 
3 Sec 
BS9400 
1.2.6.15.1 
Wire Bond Strength 
1.5 Gram 
- 
MIL STD 883, 


(Post Seal) 
Method 2011.1.C 


lest 
Condition 
Duration 
Reference 


Electrical Endurance 
125°C, 
5V or 15V 
1000 Hours 
BS9400 
Temperature, Humidity 
85°C, 
85% R.H. 
1000 Hours 
Bias 
5V or 15V 
- 


Autoclave 
121°C, 
100% R.H. 
240 Hours 
- 
15 P.S.I.G. 


High Temperature 
150°C 
1000 Hours 
BS94001.2.6.3 
Storage 
Thermal Cycle 
-65°C 
to 150°C 
1000 Cycles 
BS9400 
1.2.6.13 
(Air to Air) 
5 Min Dwell 
Thermal Shock 
-65°C 
to 150°C 
1000 Cycles 
BS9400 
1.2.6.19 
(Liquid to Liquid) 
5 Min Dwell 
1500G, 3 per axis 
0.5 mS 
BS9400 
1.2.6.6/11 
Shock & Vibration 
150-2000Hz, 
2 Hours 
BS9400 
1.2.6.8.1 
20G, per axis 
Data Retention Bake 
(Non Volatile 
200/250°C 
1000 
Hours 
- 


Memories) 


FIGURE 1 - 
QUALIFICATION 
AND APPROVAL FLOW FOR A NEW CIRCUIT 
AND A WAFER FABRICATION 
MODIFICATION 


PROCESS 
CONTROL 
PATTERNS 
(OPTIONAl) 


The Wafer fabrication process is a complex one, involving small geometries, physics, 
chemistry and ultra high levels of purity and cleanliness. Figure 2 depicts the process 
flow and highlights the major process steps. The quality assurance activities are de- 
signed to give process control at each major process step, and to perform real time 
lwaluation of the process at intermediate points within the process. 
The process control activities are: 


1. Incoming inspection of raw materials. 
2. 
Incoming inspection of masks. 
3. 
Capacitance Voltage Drifts on Tubes/Product/Evaporator. 


4. 
Oxide thickness/sheet resistance. 
5. 
Vapox Chemical Vapour Deposition (Doped/Undopedl, thickness, % Phosphorous 
and Integrity. 


6. 
Gate oxide breakdown (Furnaces/Lomacl. 
7. 
Source bubbler monitor. 


8. 
Gas bottle pressures. 
9. 
Implant evaluation. 


'10. Furnace temp. profiles. 
'I 1. 4 Pt. Probe calibration check. 
12. 
Spin Drier. 


'13. De-ionized water/bacteria monitor. 
'14. Mask clean inspection. 
'15. Photoresist equipment check, Resist thickness monitor, Pinhole check. 
'16. Scanning Electron Microscope - 
Surface profiles, 
Junction depth. 
'17. Final visual inspection. 
'18. Shutter leakage, Metal thickness, Reflectivity, Sheet resistance and Monitors on 
evaporators. 
'19. Fab environmental monitor - 
clean room and work stations. 
20. 
Perkin Elmer aligner checks. 
21. 
Junction depth monitor. 
22. 
Oxidation induced stacking faults. 
23. 
Quartzware check. 


24. 
Monitor incoming acid quality. 
25. 'Mylar burn and gas spectrum check on implanter. 
26. 
Wafer analysis. 
27. 
Electrical probe monitor. 


These activities not only measure the characteristics of each lot, but also measure 
trends within the process from which extrapolations are made to give forewarning of 
potential problems. This feedback avoids reliability and quality problems and maintains 
~ 
optimum operation of the Wafer fabrication facility. 
ail 
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o 
In-Process Inspection 


Assembly is highly automated - 
which benefits reliability and quality. In addition to the 
100% screens, there are the following assembly quality activities: 


1. Incoming inspection of raw materials. 
2. 
Scribe audit. 


3. 
Die high power visual inspection. 
4. 
Die bond inspection. 
5. Wire bond inspection. 
6. 
Pre-cap inspection. 
7. 
Hermeticity inspection. 
8. 
Plating inspection. 
9. Solderability. 


10. 
Terminal strength. 
11. 
Dimensions monitor. 


12. 
Visual/mechanical inspection for flaws to body/leads. 


13. 
Calibration monitor. 


14. 
Moisture monitor. 


An integral part of the assembly operation is to give every device a coded marking 
which defines the assembly location, the Wafer fabrication lot and the assembly lot. 
Thus it is possible to trace the history of every device. 


FIGURE 3 - 
TYPICAL 
INTEGRATED 
CIRCUITS 
ASSEMBLY 
& FINAL 
TEST 
FLOW CHART 


DIE HIGH 
POWER 
INSP. 


After 100% electrical test, there is a final inspection before the product is shipped to 
the warehouse. The inspection is 


Functional/parametric combined 
0.10% 
AQL Level 11* 
Visual/mechanical combined 
0.15% 
AQL Level 11* 


Electrical parameters include all parameters on the data sheet. Visual/mechanical in- 
cludes marking legibility, plating, dimensions, etc. We even include the orientation of 
the devices within the tube! 


We believe these are the best AQLs for standard CMOS product in the Semiconductor 
Industry, and our objective is to maintain this position. 


In addition, Motorola has a series of weekly audits as follows: 


1. Finished goods. 
2. 
Marking/marking permanency. 


3. 
Hermeticity. 
4. 
Dimensions. 
5. 
Outgoing shipments. 
6. 
Specifications/procedures. 
7. 
Static protection. 
8. 
General housekeeping. 
9. 
Calibration. 


The combination of audits and lot inspection is designed to give maximum protection to 
our customers. Feedback from our customers shows that they find a reject rate of 
typically less than 200 PPM, i.e. 1 failure in every 5,000 
parts supplied. At this low 
level, incoming inspection is not cost efficient and it is possible to reduce or eliminate 
incoming inspection. 


Of equal importance to incoming quality is product reliability. Motorola has a com- 
prehensive reliability program which assesses all aspects of product reliability. The pro- 
gram comprises the following periodic tests which are designed to provide mechanical, 
environmental and electrical stresses which will accelerate the life cycle into a short 
period: 


Visual inspection. 
Dimensions. 
Marking permanency. 
Resistance to cleaning fluids. 
Solderability and plating. 
Acceleration. 
Wire bond. 
Hermeticity. 
Thermal shock. 
Temperature cycling. 
Mechanical shock and vibration. 
Flammability. 
High temperature storage. 
High temperature electrical endurance. 
Temperatu re/humid ity/bias. 
Pressure/temperature/humidity. 


The most significant test is high temperature electrical endurance which is performed at 
125 ° C with the application of a 15V static bias in accordance with the truth table of 
the individual device. This test accelerates any inherent die related failure mechanisms. 


Electrical tests to Motorola Data Sheet specifications are used to measure the perfor- 
mance of the devices. The number of failures at the 1,008 hour readout (including both 
parametric downgrades and catastrophics) are extrapolated to a lower temperature to 
provide a failure rate at 850 C. The mathematical models employed to predict this are 
detailed in the appendix to this chapter. 


TABLE 4 - 
HIGH TEMPERATURE 
ELECTRICAL ENDURANCE 
RESULTS 
FOR PLASTIC 
PACKAGES (1982) 


No. of 
No. of 
No. of 
Equivalent 
No. of 
Failure Rate 
Illatches 
Devices 
Device 
Device 
Failures 
% I 1,000 hours 
Hours 
Hours 
- - - Temperature- 
-- 
at 125°C 
at 85°C 
50°C 
70°C 
85°C 


35 
3,302 
3.33M 
86.31 M 
8 
0.0003 
I 


0.0027 
I 


0.0109 
(380 years) 
(9,850 
years) 


The failure rate at 85 °C of 0.01 09% / 1,000 hours (or a mean time between failures of 
1,047 years) is graphed in Figure 4 and compares favourably with our 1981 standard 
of 0.030% 
/ 1,000 hours. 


TJ'BLE 5 - 
HIGH TEMPERATURE 
ELECTRICAL ENDURANCE 
RESULTS 
FOR CERAMIC 
PACKAGES (1982) 


o. of 
No. of 
No. of 
Equivalent 
No. of 
Failure Rate 
Batches 
Devices 
Device 
Device 
Failures 
% I 1,000 hours 
Hours 
Hours 
- - - Temperature- 
-- 
at 150°C 
at 85°C 
50°C 
70°C 
85°C 


25 
2,394 
2.41M 
350.15M 
9 
0.0001 I 


0.0007 I 


0.003 
(275 years) 
(39,971 
years) 


The failure rate at 85 ° C of 0.003% 
/ 1,000 hours (or a mean time between failures of 
3,805 
years) is graphed in Figure 4 and is impressingly low when compared with our 
1981 standard of 0.014% 
/1,000 
hours. 


The steady reduction of plastic and ceramic failure rates reflects Motorola's commit- 
ment to reliability and quality improvement. The improvements are such that many 
customers who previously purchased burnt-in components now achieve the same or 
better reliability using Motorola CMOS without burn-in. 


It is recommended that hermetic ceramic product be used in extreme high temperature 
or humidity environments. Plastic product will provide similarly excellent reliability for 
lower cost in more normal operating conditions. 


All plastic packaged devices are intrinsically non-hermetic as moisture can penetrate 
the lead frame/package seal interface or diffuse through the bulk of the plastic. If water 
reaches the surface of the chip and a bias is applied, an electrolytic cell is set up. Corro- 
sion of the aluminium tracks/bond pads can occur which can downgrade the device 
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parameters and lead to catastrophic (open metal) failures. This phenomenon is ac- 
celerated by the presence of contaminants and Motorola is careful to minimize this ef- 
fect by the use of quality grade materials/packaging and meticulous housekeeping. The 
tests which best monitor the environmental related performance of the plastic package 
are Temperature Humidity Bias, Autoclave, and Thermal Shock. 


This environmental test is the most reliable method of highlighting any die/package in- 
compatibility. It is performed at 85 °C, 85% Relative Humidity with the application of a 
static bias of 15V. The conditions of this test are far in excess of those ever expected to 
be experienced by the device in a normal operating environment. The results below are 
for 1982. It should be noted that there are a number of die and package modifications 
pending which are expected to provide further significant improvements in the results. 


TABLE 6 - 
TEMPERATURE 
HUMIDITY 
BIAS RESULTS 
FOR PLASTIC PACKAGES (1982) 


No. of 
No. of 
% Total Cumulative failure (test hours) 
Batches 
Devices 
168 
336 
504 
774 
1,008 


3 
378 
0.31 
0.31 
0.63 
0.63 
0.94 


% Cumulative Corrosion failures 


3 
378 
0.31 
0.31 
0.31 
0.31 
0.63 


The small number of failures due to corrosion of the metallization is a result of the close- 
ly matched package components. The remaining rejects show the same failure modes 
as noted for electrical endurance. These results are an improvement on those recorded 
previously and verify that no new failure patterns have emerged in house or should be 
expected in the field. 


The conditions of this test are 121 °C, 15 p.s.i.g. and 100% Relative Humidity. It is a 
moisture resistance test without bias and is used to evaluate the durability of the plastic 
package under extremely high temperature and humidity conditions. This test is used as 
an ongoing assembly process monitor and supplements the T.H.B. corrosion failure 
results. In view of the highly accelerated test environment and the fact that very small 
changes in these test conditions can have a dramatic effect on the end results, the data 
is included for information only. 


No. of 
No. of 
% Cumulative failure (test hours) 
Batches 
Devices 
24 
48 
96 
148 
168 


4 
347 
0.00 
0.00 
0.00 
0.00 
0.58 


The Autoclave results augment those recorded for T.H.B. performance and demon- 
strate the moisture resistant nature of the Motorola plastic encapsulated devices under 
extreme conditions. 


Thermal shock provides a quick and severe method of stress and is a liquid to liquid cy- 
cle between -65°C 
to + 150°C 
with a dwell of five minutes at each temperature. 


No. of 
No. of 
% Cumulative failure (test cycles) 
Batches 
Devices 
200 
1,000 


2 
250 
0.00 
0.00 


The results verify the plastic mould compound, bond wires and leadframes have closely 
matched coefficients of expansion. This benefit reduces the potential of moisture in- 
gress (e.g. during the T.H.B. test) within the package ensuring a stable encapsulant for 
the die. 


There is one further important source of quality and reliability data-feedback 
from our 
customers! 


Customer feedback is obtained from incoming inspection and qualification results and 
from returned defective product. 


a) With certain customers who use large quantities of CMOS, Motorola has reached 
agreement on joint quality improvement programs. These programs are basically an 
exchange of information. Our customers provide feedback by device type on the 
quality and reliability of our product. Analysis of this feedback highlights problems 
not previously apparent, and corrective action is implemented. Both Motorola and all 
our customers have benefitted from these programs. The incoming quality level as 
reported by these customers is typically less than 200 PPM. 


b) Due to the high quality of our product, it is possible to analyse every return of defec- 
tive product. Approximately 
40% of these are in fact non-defective and are the 
result of correlation problems. Some of the returns have been mishandled (see 
Chapter 4), the remainder are analysed to determine where action can be taken to 
improve the outgoing quality. 


Product analysis is used at all stages of manufacturing-from 
pre-production to after 
sales-to 
determine failure mechanisms and how to avoid them. Various techniques are 


Examination 
of the die surface 
(high 
magnification), 
local 
chemical 
analysis 
with 
spectrometry 


used and our failure analysis laboratory is well equipped with a variety of equipment 
including 
scanning electron 
microscopes, 
X-ray analysers and micromanipulative 
probers. Figure 5 shows the flow used for finished product. 


Motorola's Hi-Rei programs-for 
avionic, space and military applications-has 
indirect- 


ly provided a considerable contribution to our commercial products. The Hi-Rei pro- 
grams set the standards for the control of quality and the assessment of reliability, and 
at Motorola we use these standards for our commercial product as well as our Hi-Rei 
product. At the time of writing, Motorola has the following approvals for CMOS pro- 
duct: 


DEF STAN 05/31 
DEF STAN OS/21 
aSI 
CECC 


- 
MOD Registration 1G9M01 
- 
MOD Registration 1G9M01 
App. No.1 085 M 
J 


App. No. M0070/CECC/UK 
1085 M 


With design and manufacturing facilities in the U.S.A., Japan and Europe, Motorola's 
experience in CMOS is unsurpassed. In Europe alone, Motorola has shipped over 
500,000,000 
CMOS devices. The levels of quality and reliability which we have 
achieved are extremely high. Through our quality improvement program, we will 
achieve even higher levels for the benefit of you, our customer. 


Two mathematical models are employed to predict the failure rate. Firstly it is assumed 
that the failure rate distribution follows an exponential probability density function. 


where 
F(X) 


A 


t 


F(X) = A EXPI-A t) 


probability density function 


failure rate 


time 


Since reliability evaluations usually involve random samples of a population, a point 
estimation for the failure rate is ~alculated using the Chi-squared distribution. 


where 
X2 


Cl 


x/ (a, 2r + 2), 
2nt 
a 
= (100 - 
Cl) 
100 


tabulated value 


confidence limit in percent 


number of rejects 


number of devices 


duration of the test 


The second model uses the Arrhenius Equation to relate the failure rate at test 
temperature to that expected at normal operating conditions. 


R(T) = Ro EXP (EaI kT) 


where 
R(T)= 
reaction rate at normal temperatures 


Ro 
a constant 


Ea 
activation energy (1eV) 


k 
Boltzmann's constant 


T 
junction temperature 


The use of junction temperatures rather than ambient (Iifetest) temperature provides a 
more accurate failure rate. The junction temperature is computed using the equation 
below: 


where 
T(J) = 


T(A)= 


P 


8JA = 


T(J) 
T(A) + (P x 8JA) 


junction temperature (0 C) 


ambient temperature (0 C) 


power (Watts) 


average junction to ambient thermal resistance (0 C/W) 


Publications and Applications II 


Additional information on CMOS products can be found in the following 
publications 
available at your nearest Motorola Sales Office or Distributor. 


8001 


80028 


8002C 


8003A 


B011 


B025 


8039 


AID and DIA Conversion Manual 


CMOS Data Manual, Volume 2, Special Functions 


CMOS Data Manual, Volume 3, High Speed CMOS 


Home Electronics I Integrated Circuits 


Memory Data Manual 


The European Master Selection 


Telecommunications 
Data Manual 


F045 


F055 


F060 


F062 


F072 


F075 


F077 


Telecommunications, 
A System Approach 


High Speed CMOS Function Selector Guide 


Catalog of Technical Literature 


CMOS Standard Logic Reliability Report 


Macrocell Arrays and CAD 


CMOS Function Selector Guide 


High Speed CMOS Life Test 


A complete list of Application Notes can be found in the Catalog of Technical Literature 
(Reference F060). 


AN-538A 
Motorola Complementary MOS I/C's. 


This note discusses some of the properties of N-channel and P-channel 
MOSFET's and describes how they are used to construct complementary 
MOS integrated circuits. Some basic CMOS logic functions are then discus- 
sed. 


Noise Immunity Comparison of CMOS versus 8ipolar Logic Families. 


This application note compares the noise immunity of CMOS and bipolar fa- 
milies and includes general notes on common noise sources, precautions 
against noise, noise specification and standard noise tests. 


AN-712A 
Interface Techniques between Industrial Logic and Power Devices. 


This application note presents worst case design approaches to illustrate 
the methods of interfacing MCMOS and MHTL logic to various power load 
levels, both a.c. and d.c. Interface devices vary from small-signal transis- 
tors to power transistors and thyristors, using direct coupling/level transla- 
tion and optoelectronic coupling techniques. 


AN-71 5 
Introduction to CMOS Integrated Circuits with Three-State Outputs. 


This note describes a wide variety of standard CMOS integrated circuits in- 
corporating transmission gates with standard logic. Design rules and appli- 
cations of these devices include the areas of analog switching and multiple- 
xing, digital multiplexing and data bussing. 


AN-768 
CMOS Schmitt Triggers. 


The 
Motorola 
Schmitt 
triggers-MC140938, 
MC145838 
and 
MC145848-are 
described. Operating characteristic, theory of operation, 


and applications of Schmitt triggers are covered. 


AN-772 
CMOS Monostable Multivibrators. 


This note describes the theory and operation of the MC 145388 
precision 
monostable multivibrator, which incorporates both digital and linear CMOS 
technology. Applications are described. 


AN-843 
A Review of Transients and their means of Suppression. 


Transient sources within and outwith 
electronic equipment are described 
and characterised, and methods of suppression, and their applications, are 
covered. 


A 
-874 
Macrocell Arrays: Concept-Features-CAD Interface. 


High technology array based products offer the advantages of custom cir- 
cuits, yet overcome the problems of high costs and long design cycles. Re- 
cent developments in array technology 
make use of Macrocell building 
blocks rather than primitive gates for easier design and higher performance. 
Additional developments in computer-aided-design customer interface sys- 
tems 
simplify 
the job 
of 
developing 
array circuit 
options. 
This 
note 
examines Motorola's Macrocell array concept with special emphasis on the 
CAD user interface. 
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